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PfiipPABATORt CONSIDERATIONS. 



X H£ changes produced on arteries hy accidents, 
and the surgical operations to which they are subject- 
ed, have a certain relation to their structure. The 
subjects, therefore, of this Treatise naturally suggest 
a few preliminary observations on the structure of 
Arteries; but only such a description will be giveoj as 
may suflSce for the explanation of the phenomena 
which they exhibit, when influenced by accident ox 
art. "' " -^^ 

The substance of which arteries are composed is 
divisible into distinct parts, which have been called 
tunics or coat^. Three coats, which have received 
various names, can be readily demonstrated, and may- 
be simply ancrclearly distinguished by the terms — 
Interna], Middle, and External. 

The internal coat, although extremely thin, is very 
close in its texture, and gives to an artery a smooth 
and polished lining; it is elastic, and firm, ccmsider- 
ing its^ delicate structure, in the longitudinal direction, 
b^t so Weak in the tvrcuhr a$ to b^ very Easily torn by 
the slightest force applied iti thdt direction. The mor- 



bid changes, which have been observed in it, prove 
that this coat is vascular;^ and some experiments 
have been related to show the probability of itsbemg 
sensible*! 

The middle coat, which is the thickest, tg formed 
by numerous layers of firm, compact^ fleshy fibres, of 
a pale red cc^our, passing in a circular direction, 
but appearing rather obliquely connected and inter- 
laced with each other, than forming coniplete circles. 
These fibres are of a peculiar nature, are well sup- 
plied with nerves, and resemble^ in form and disposi- 
tion, muscular fibres, but differ fromthem.in possess- 
ing a remarkable degree of elasticity. Their elasticity 
keeps an empty and dead artery open and circular; 
for this coat, when detached from the internal and 
external coats, still preserves the cylindrical form, 
whilst they, on the contrary, in a state of separation, 
become flaccid and collapse. As this coat has no lon- 
gitudinal fibres, the jcircidarjibres are held together by 
a slender connexion^ which yields reacBJy to any force 
appUedtn the circumference of the artery. The middle 
coat is intimately connected with the internal and ex- 
ternal by very short and fine cellular jnSmbrane. 

The external coat, anatomically considered, is so 
simple> that many authors have thought it sufficient 

* " I have more thali once observed the cavity of a large artery , 
« almost blocked up by a steatomatons thickening of this coat, and 
^< frequently I have observed purulent matter collected in it.** 
Remarks on the Coats of Arteries, Sec. by Alex. Moiiro.w Edin. 
Med. Essays and Observations, Vol. II. 

t Bichat, Anatomle Generale. 



to say, that it is formed of condensed celluhur ihem- 
brane, which becoming gradually of a looser texture 
connects the artery with the surrounding parts; but 
the importance which ii^ attached, in a surgical view, 
to diis coat, renders a more particular account of it 
highly necessary and interesting. Although ultimately 
resolvable into cellular membrane, yet it <krives from 
the particular arrangement, of its component fibres a 
characterktic appearance, which distinguishes it from 
cellular membrane, and entities it to be ranked as a 
proper coat, of an artery. Internally, or next to the 
middle coat, its texture is close and smooth, externally 
more open and rough, in consequence oi the ceHular 
membrane by which it is connected with an additional 
covering. l%e whole is remarkable for its wMteness, 
density, and great elasticity. If an artery be sur* 
rounded by a tight ligature, its middle and uitemal 
coats will be as completely divided by it as th^ can 
bje t^ a kmfe, whilst the external coat remains entire; 
a fact, which will be commented upon in anoAer part 
of this treatise, and shown to be connected with im* 
portant circumstances. The strength dierefcM^ of an 
artery depends chiefly on its extermd coat, which 
answers, in some respects, the purpose of a strong 
fescia. 

The three coats which I liave just described are ihc 
only proper coats of an artery; but the di&rent 
arteries, while in their natural situation, are surround* 
ed with fine cellular membrane that connects^ them 
with additional coverings, called sheaths, which are 
formed within the cavities of the body by the investing 
membrane peculiar to each, and in bther' parts by 



&8ci«, or.ctittulgr membrane* :Tl^.fiQQ ceUjyiUr «i<^^ 
brane/the boiyl of qQno^ymi|>etw^n ,fiitE^e;s gn^ 
their sheaths, varies in length in difierent.par<t$> m^ 
^ves an, artery. H flqccuient appeamnice. .Ifim<mt^ 
be (Rvidfdi thf (Bvukd parfy^ iming to their ehs^n^fft 
recede^frojn ,edch rather y and, the Imgth (^ tkfi ceUukti 
Jibres €onneeting the wtety mtk thfi sheatht itdmfs qf 
its, retraetrng a certain tuay mthin the sheath^ ra^ im- 
portant fact, the applidatioii Qf vtrhich will b^^made in 
a .future part of this < treatise, , that de^ribte^ the na- 
tural process by which hemorrhage is stopped. 

In performing. Uie experiments, which. wlU be sub- 
aoqiieaitiy related, it was nc^ my intentipn to.inve^i- 
gate the Icmg agitated questic^i respecting the aotipn 
of arteries^, whether it should >be ascribed to their elasf* 
ticity .alone, or thcirdasticity and muscularity con- 
jointly. . I have had, hoo^ever, frequent opportunities, 
in. the course of my experiments, of observing apqpear- 
ances, which incline me.suongly to the latter opinion, 
slightly modifiedi r£hese appearances made so con- 
spicuous a part of the process, to which my attention 
Was more immediately directed^ that I was induced to 
dbcuss the subject at some length in my Thesis. Here 
we are only (concerned to notice one important fact 
relating to the action of arteries, namely: that when 
oat artery is diuifled^its.tmncfited extremities contract 
in a greater^^or^Uss degree^ and the fontrac^tion is gener 
tally if not ahvays permanent^ But Ifhayeonly once 
seeb a distinct cootraclaw, produced by aflfiechani^^l 
stimulus^' TfMe.ihe artery remabmi entire^, It fcsp- 
fienedv in an artery on. w\^h the e%9t; pf ^lyanism 
was triad; but it was uncertain, even in this instance, 



whether the contraction should be referred to the 
irritation of the wire of the galvanic pile, or to the 
galvanic influence, which it conveyed. 

Arteries are supplied not only with small arteries 
and veins (the vasa vasorum), but also with absor- 
bents and nerves, and have, in these respects, a similar 
oi^nization to the other soft parts of the body. This 
structure makes them susceptible of every change to 
which living parts are subjected in common; enables 
them to inflame when injured^ and to pour out coagu- 
lating lymphy by which the injury is repaired^ or the 
tube is permanently closed. 



CHAPTER I. 

ON THE PROCESS WHICH NATURE EMPLOYS FOR SUPPRES^^ 
INGTHE HEMORRHAGE FROM DIVTOED ARTERIES. 



SECTION J. 

Hemorrhage, the inevitablfe attendant on ope- 
rative surgery, impresses mankind with a sentiment 
of horror, and may, on this and many other accounts, 
be considered as one of the most formidable opponents 
to its improvement. It obscures, retards, and embar- 
rasses the progress of every operation; and the just 
dread of its fatal consequences is the chief cause of 
diffidence in the operator. But not only as a conse- 
quence of surgery is hemorrhage to be feared; it is 
also one of the most alarming and dangerous accidents, 
which surgery is called upon to relieve. " Un senti- 
^' ment naturel attache i PidSe de perdre son sang, un 
"terreur machinale, dont Tenfant qui commence a 
^^ parler et Phomme le plus decidS, sont egalement sus- 
" ceptibles. On ne pent point dire que cette peur soit 
" chimgrique. Si Pon comptoit ceux qui perdent la vie 
" dans une bataille, on verroit que les trois quarts ont 



^^peri par qiidque hem(»T^f^; et dans les grandod 
^^ operatic^. dechi^rgi|;,cetaccjide tpu* 

" jours le plus formidable,^?'* , , 

From tbe iateresst w^i^ch Hemorrfa^ 
ably be expected to excite, in ccmsequence of these 
very obvious and in^pprtant views of it, we cannot 
£iil to.be astoiusl^.at the Ipng period, during which 
I»actitianers had qcmtfpted the^nselves with empirical 
attempts to check it by drugs, oi- by the insecure, yet 
terrible means of caustic and fire; and we naturally 
iiiquire, how any circum3fance so alarmbg in its 
nature, so fatal in its e&cta, should have remained so 
Iqi^ uninvestigated* 

..But^though, at first sight, it may appear strange, 
that a ^bject so intimately connected >vith the inte- 
rests of humani^ i^uld have been thus inade^ately 
attended to; yet when we reflect, that, in former 
a£^s, the examination of the dead was exposed t^ 
violent prejudices; that a total want of rational andv 
^entific . modes of investigation circumscribed the 
knowledge, and supported the vague and hypothetical 
doctrii^s of those days; and finally, that the nature of 
the inquiry, which the subject demanded, was by no 
means inviting; we shall perhaps be less surprized, 
that the works of the ancients, so remarkable for 
valuable observations on most other subjects, should 
be destitute of accurate information on this; and that 
it shrald have ren^ained fi^r the illustrious Mf. Petit 

♦ Moraad, Mem. <lc TAcad. Roy. de Chirurgie, Vol. V. 8vo 
editioD. 



to make the first attempt, in the year 173 1, to give 
art adWHint of the mfeiWs WhjfeB \Natt emplo]^'for 
the suppression of hemorrhagei 



'f'"M p. 



A subject whicb had attractdtf tire notice of Mr. 
Petit, ivaShbt likely toremWii AtichTorigtr fnbb 
ritjr; his exAmple stoon prbcuitkl t*fe *ftentibri of 
others, and^ frdih that peridd we find m^y'bf th6 
m^efet emiri^t sui'gcbris eiiga^ed in dbtidatirtg it. ' ' • 

Fortunately Mr. Petit^s assiduity was not diminished 
by hi^ first memoir. Not fconttht with havittjg btdii^t 
the subject intbnoticfe; andl^*the feiitaditSonTorlti 
future development; he appears t6 haite lost rio' op- 
portunity ot confirming and extending his former ob- 
servations; and in the course of a very few ycai^ he en- 
riched if witii tvj?d oflher memoiri, ivKidH,-*'ft)giether 
With the firsty Will cvefr be conisidered, by *dand5d 
readers, as invaluable contributions -to surgery j suid 
indubitable proofs of his penetrationf, ' acciir^y, and 
fidelity. To these memcrirs I shftB often have bcca^ibii 
to refer, in the course of the following tteatise. - " 

I shall now proceed to give i view of the various 
theories, which I harfe been able to meet witK-bii ttfe 

subject. ' ■ ^ ■ : ■ - . .'Mi.-iv;;- <- -m 

But, previous to stating Petit's theory, it is neces- 
sary that he should be exculpated fi:x)m tiie fefeitsiite 
which a late author* has unjustly and IndiscHrtiiiiktciy 
passed on him for experiments and doctrines which 

• Mr, J. Bell. Principles of Surgery^ p. 170.. 
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were made and maintained by Mr. Petit the phy^cian. 
It is unnecessary to inquire into the propriety of the 
ridicule which Mr. Beli has endeavoured to cast on 
these experiments; I only wish that attention may be 
paid in foture to the distinction of Mr. Petit h Chirur- 
gieitj and Mr., Petit k Medecin^ xxvLiSovnAy prefixed to 
the respective Memcnrs of these gentlemen. In speak- 
ing of Mr. Petit, in the course of the following pages, 
I beg it may be understood that I allude to the surgeon, 
unless the contrary be particularly specified. 

Mr. Petit conceived that Hemorrhage, from a di- 
vided artery, is stopped by the formation of a coa- 
gulum or clot of blood,* which lies partly witfdn and 
partly without the vessel. -The external portion is 
formed, he thought, by the last drops of blood which 
issue from it; the internal portion, by the blood con- 
tained just within its divided extremity; the former he 
called the " Couverclc;" the latter, the " Bouchon.*' 
The clot, he said, afterwards adheres to the internal 
coat of the vessel, to its orifice, and to the surrounding 
parts. To this he added, that when hemorrhage is 
stopped by the application of a ligature, a clot is 
formed above the ligature; and the coagula, under 
these different circumstances, differ only in figure. 
This view of the subject led him to recommend com- 
pression to support the clot, that it may not bei 
pushed away by the impulse of the blood. 

Although the validity of most of these observations is 
unquestionable, yet it must be allowed, that the theory 

• "Cwllot de sang/^ 
P 
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Js very incomplete; and Aat Mr. Petit crrtd'in las 
manner of accounting for the appearance^ which he 
had observed; his errws, howcrer, did not result from 
want of judgment, but from the nature of the process, 
which could not be understood, without succes^Ve 
observations through its various stages; and, as Mr. 
Petit does not relate any experiments, it is reasonaUe 
to infer, that his doctrine could only have been dedu* 
ced from the irregular and partial observation^ which 
he was enabled to make on the human body in the 
course of his practice. 

In the year 1736 Mr. !^Iorand published a Mem<c»r, 
in which he added many very interesting remarks to 
those which had been made by Mr. Petit. He admit* 
ted, that the formation of a coagUlum had some effect 
in stopping hemorrhage; but contended that the 
changes which the artery undergoes also contributes 
to that effect. These changes he described to be a swt 
of corrugation, or plaiting of the circular fibres of the 
artery, by which its canal is diminished; and a short- 
ening and consequent thickening of its longitudmal 
fibres, so as nearly to fill it up: this latter eflfect he 
conceived to be produced, when an artery is complete* 
ly divided, and that it constitutes th^ principal means 
by which, in such cases, the Jbemorrhage is stopped. 
He added, that the corrugation, or puckering, c^ an 
artery, may take place, so as to obliterate its cavity, 
provided pressure be made round it: as by a liga- 
ture. 

It is evident that Mr. Morand alluded to the contrac-^ 
lion and retraction of arteries, and that he eired chief- 
ly in his explanation of the maqner in which they are 
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prodiioed; thus, besides die imperfiect account which 
he gave ot the contracticm, which he sometimes called 
the frowning^ of Ae artery, he impiited the retraction 
to Uxigitadhial fibres, \diich, according to the most 
accurate anatomists, are not to be found in the arteries 
of the human subject. 

It is obvious, from the terms Mr. Morai^ emj^yed, 
and the plates he published, to explain the state of the 
artery, Aat he had very inaccurate ideas (^the struc- 
ture and action of arteries; yet this does not affect the 
truth of lus general conclusion: that the change pro- 
duced on a d^ided artery, contributes with the coa- 
gulum to stop the flow ^ blood; and that, if it be 
possibte to adduce cases in which either the artery or 
the coagulum alone effected it, they will at least be very 
rare. He endeavoured further to support his opinion, 
by Observing, ihsit the extremity of the divided 
artery is the mould for die cc^tgulum, which owes its 
figuiie to the impressk>n made on it by the artery; 
for, said he, if d^ diameter and form of the vessel 
remain the same, when cut through^ as at the mo- 
m^it of die incision, die coaguhim formed in its ex- 
tremity will be cylindrical, uniform at its ends, and 
liable every moment to be {mshed away by the edumn 
of blood, impelled ag^dnst it. 

. Mr. Sharp, neaiiy at the same period, supported the 
^mee doctrine, as may be found in die second edition 
of his Operations of Surgery, putdidied in 1739. It is 
more concisely and better expressed dian Morand's; 

♦ « Froncement." 



thu$: ^SThe Uoodvasseis, imiiialkiteiy upon Adrdi- 
** vision, bleed freely, and continue bleeding till they 
" are either stopped by art, or at length contacting 
^^ and withdrawing themselves into the wound, their 
^* extremities are shut up by the coagulated Uood.'' — 
This doctrine Mr. Sharp gives incidentally; leavk^ it 
unsupported by experiment or observation; so that it 
does not appear whether it is his own, or borrowed 
from another. It is not comprehensive enough; but, 
as far as it goes, it accords with the truth. 

The next theory which I am to notice is Mr. Pou- 
teau's. It is prefaced with many very judicious cbstr- 
vations, peculiarly applicable to the subject; and from 
which one might have expected that he had con^iletely 
exhausted it, and had left nothing for future inquirers 
to discover or confirm. " Le desir si louable de d^cou^ 
^^ vrir le vrai, doit etre dirige dan» sa marche par un 
" grand nombre d'experienees: . • . . pour se 
**, persuader qu'on a bien vu, it convient d'avok* re- 
" garde long tems et sous diffi&rens points c^ vAe."* 

But unfortunately these judicious remarks appear to 
haye been intended rat^r as strictures on Messrs. Petit 
and Morand, than as maxims which had regulated his 
own inquiries and conclusions: had he indeed been in- 
fluenced by them,^ he would have spoken more favour-^ 
ably of the theories of Messrs. Petit and Morand, and 
would have presented us with a view of the subject very 
different from that which he produced. 

'^ Melanges de Chirurgic. 
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B^t let it not be thought^ th^ I am di^sedtodeal 
captiously with Mr. Pouteau, in retorting on him his 
own jttdieions and valuable observations: &r be it from 
me to delight in pointing out the errws of those who 
were cossspicuous for their merit at the period in which 
they lived; and to whom we are indebted for much 
valuable information: on the contrary, it is from re- 
spect to such men, that I undertake to exculpate 
Petit and Morand from his censure; nor am I less 
ready to acknowledge the fidelity with which Mr. Pou- 
teau has performed his promise: " Je rapporterai dcMic 
'' ce que j'ai v\i en historien fidele qui ne craint pas de 
** dire laverit6 meme.en ccmtredistat," 

As a &ithful historian he is indeed entitled to much 
praise; for in his memoir en the subject are recorded 
almost aU the appearances exhibited in the different 
stag^ <^ the process; those which. give the most un- 
questicmable support to the theories which he con- 
demned, as well as those, which he unfortunately se- 
lected for the formation of his own: and hence, his 
account of it is peculiarly interesting; not only as a 
confimu^n of the fqrmer, but also for the valuable 
additions which he made to them. For these reasons 
it will be necessary to pay consider^le attention to his 
memoir. 

Mr. Pouteau denied diat a coagulum is always to be 
found after the divisbn of an artery; and when it is, 
he thought it should be considered only as a feeble and 
subsidiary means towards the suppression of hemor^ 
rhage. The retraction of the artery, he said, has not been 
"^demonstrated; and that, at any rate, it. is not more 
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eflfectual tfaim the coagulum. He atserted, that the 
tumefaction of the cellular memlMraiiey at the droitm- 
ference of the cut-extremity of the artery, forms the 
principal impediment to the flow <^ blood; wd the 
application of a ligature to an artery is usdTul, by. 
promoting a more immediate and extensiveinduration 
of the cellular substance. 

It appears, at first, sdmost impossii^ to reconcfle 
this theory with the two former; but to account for 
the very striking difierence between them, it is mily 
necessary to observe, that although, in the beginning 
of this Memoh*, Mr. Pouteau relates two experiments, 
which had been performed on horses, wlUch being 
examined a short tme after^ presented appearances 
exactly coinciding widi the doctrines of Petit and 
Morand, yet he preferred giving an explanation of 
the natural means by which hemorrtu^ is stopped, 
^rom observations made on arteries msmy days, and 
even weeks ^ after theff had been Amded^ and on which 
some artificial means had been applied to suppress the 
hemorrhage. Thus he first informs us, in a general 
way, that after amputations of arms, legs, and thighs^ 
in which the flow of blood had been stopped by the 
ligature, compression, or caustic, he t^e/^^^iSobm found 
any traces of a coagulum; and then gives a more ^ par- 
ticular account of four examinations in which he had 
been equally unsuccessful: they were made on the 
stump of an arm, eight days after amputation; of two 
legs, one ten davs, the other three weeks after the 
operation: and, finally, of a thigh, four weeks aftet 
amputation. In all of these cases some artificid means 
had been used to suppress the hemonlKige; and yet, 
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these are the fmncipal ii^tancts, and the periods of 
examination, from which Mr. Pouteau undertqdc to 
writer ^^ Memior (hi the means which Nature emjdoys 
** for the suppression of hemorrhage;^' and that too 
in exposition to the descriptions <^ those means, which 
had been previously given, and iK>twithstanding the 
ample illustraticm of them afforded by the first expe^ 
rimeiits whidi he performed on horses. 

We find Gooch also entering the lists against Petit, 
and thus claiming the merit of a pripr opinion: ^^ Since 
** I wrote these papers, I have deserved Mons. Pou- 
** teau, senior surgeon of the H6tel-Dieu, at Lyons, 
^^ in his Melanges de Chirurgie, printed in 1760, and 
^^ Mr. Kirkland, an eminent surgeon inthiskkigdom, 
*^ in bis Treaslise upon suppressing hemcHthages /rom 
^ divided arteries, publi^ed in 1763, diflfer in their 
^ sentiments frMti Mons. Petit, who$e hypotbesb is, 
*^ that henuHrrhages are stopped after amputations by 
<< coagula of blood, formed several inches up the ar- 
^* teries, as appears in the Mem. de I'Acad. Roy. des 
'^ Sciences. I luive the satisfaction to find the experi- 
" ments, made by these two gentlemen, fully support 
^* my opinion upon this subject, which I wished to 
" have had an opportunity of making myself, when I 
^^ puUidied it anion^ some cases and remarks in sur- 
** g^ry, in the year 1758.*'— Gooch's Chirurgical 
Woite, Vol. I. p. 172, note, published 1766. 

The opinion referred to, and which he set up in 
composition to what he con^ered as defective experi* 
ilients Or crude observations of Petit, he thus expressed 
19 his cases in surgery: " According to that hypothesis 
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'^ (meaning Petit's) the coagulated blood must either 
** remain in the vessels, or liquify and return in a putrid 
^^ state; against which, I think, many ^eighty objec- 
" tions might be brou^t, and experiments made, to 
" put the matter beyond controversy. It appears to 
" me highly reasonable, that the native heat of thct 
" part, and the action of the vessels, keep the blood 
** in a slate of fluidity fit to be received by the coUa- 
** teral branches, virhen checked by natural or artificial 
'" means in its direct progressive course, after ampu- 
** tation of the limb, and that the divided vessels 
" then retracting, cdlapse and coalesce as far as their 
" first ramifications, having their mouths soon sealed 
" up with flesh, growing from the nutritious vessels, 
" which work of Nature is pretty evident upon the 
** stump." Yet these experiments, to put the matter 
beyond controversy, Mr. Gooch did. not ihake, but 
flattered himself that his (pinion had been sufficiaitly 
confirmed, and fully established by the imperfect ex- 
periments and observations of Messrs. Pouteau and 
Kirkland; I call them imperfect, because they were 
partial: that series was wanting, without which every 
natural process that is performed by successive stages 
must be misunderstood in proportion as its investiga- 
tion has been les.<* complete. Mr. Gooch afterwards, in 
the fiirst volume of his surger)', gave his opinion on this 
subject more concisely, intermingling spme of Pou- 
teau*s notions with his own. ^* When a small artery,*' 
says Mr. Gooch, " in a limb or any external part of 
" the body, is totally divided, its retraction may bring 
" it under the surrounding parts, and with the natural 
" contractipn of the diameter of its mouth, assisted 
""^ by the compressive power of those parts, increased 



^ by their grtwis^ tumid, the effluic of Uood mgy be 

Mr* Gooch^ Mr. White, add Mr. Aikin, consklered 
tlie experimeats and obaervatioqs of Mr. Kirkland 
quite conclusive in confuting the doctrine of a coagu* 
lum, and in establishing the contraction of the arteries 
^s the means whi^cb Nature employ^ in the stoppage of 
hemorrhage froia divided arteries. In justice, there- 
ibre, to tbs subject, and to Mr. Kirkland, I shall ex- 
tract some of the tnost iioportant of those observaUona 
on arteries which he bad the (^ortunity of making. 

Mr. Kiricland, considering that, nHien the impulse 
of the blood is abated by the swooning of the patient,, 
it is very common for considerable arteries to be closed 
by their natural contraction; and convinced by expe- 
riment, that the close contraction observed in arteries 
to whkh s^aric has been api^ied, is owing to the firm 
adhesion of the agaric to the artery, by which its 
mouth is shut; was led to deternune the eOeet of a 
temporary pressure $uffici€^ to stop the flow of blood 
from an arteiy. The conclusions and opinions drawn 
from his experiments are here gathered, and brought 
into one point of view, viz. 

That hemorrhs^ from a very considerable artery is 
eaaly and e&cUiaUy suppressed by only making a 
perpendicular pressure upon the end of the vessel for 
a few minutes. 

That the pulsatioa, at first, is very plainly seen at 
its extremiQr; but after some time it becomes less 
perceptible. 

E 
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TImt the bleedilig is not su{^$8ed by congealed 
i^Iood; but by the vessel being quite close contracted 
for near an uich or more from its extremity: that by 
removing the pressure from time to time, it is easy 
to discover this contraction taking place by a gradud 
decrease of the stream (^ blood. 

That the artery collapses and gradually closes itself 
up to the nearest lateral branches, as the resistance to- 
wards the ligature abates from the blood passing 
through those vessels. It appeared to Mn Kirkland 
even selfevident that Nature always took this step to 
suppress the hemorrhage from divided arteries, upon 
reflection, that the same circumstance constantly hap- 
pens when the umbilical vessels are divided at the 
birth of the foetus. 

That the impulse agsunst the end of the artery im- 
mediately becomes less, and soon entirely ceases from 
the blood, upon meeting with resistance, dilating and 
passing through the nearest lateral branches; and tMs 
he thought evident from the gradual decrease, and, at 
length, the total disappearance of pulsation. 

That the contraction of the artery, and the altera- 
tion in the course of the blood is not long in taking 
place; after which it probably, like the umbilical 
vessels, shrinks into a perfiect ccnd, and becomes im- 
pervious. 

Tliat intercepting the passage of the blood for a 
while is aiU that is requhred from art. 
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Let the followiiig.serve as a £|)ecimen of his expe- 
riments. 

" A large horse being tied4own, Mr. Peale of Maid-. 
*' stone, then with me, took off one of his hind legs; 
" about the middle of the thigh. Upon the division 
*' of the bone the horse drew the stump towards his 
<* body; at wf^ch time the tourniquet slipped off, anfl 
^^ five arteries,, the least of them abput the size of a 
^^|Whe^t s^w, some near as lai^e as a goose quill^ 
^'and onq.much larger, poured out their blood with 
** great violence; but an immediate stop was put to 
^^ the flux by a person pressing with both hands upon 
^^ the wound; and, by continuing tl^s pressure fii^a 
^^ minutes, the vessels^ became so firiply closed as not 
*^to discharge^ the least drop of blood. However, I 
'^ passed a -needle and thread round pne of the largest, 
^' intending to make an experiment lyith the ligature. 
\\ The pulsation at first was ,very phunly seen at their 
^^ extremities; but after some time it became less per** 
" ceptible, and the wound was covered with tow, 
" which was kept on with very slight bandage. The 
"horse was kept alive fcaly-eight hours after the 
"operation; and thcmgh he ti^nbled about, and strug- 
"gled much in attemp^i^.tp raise h|i9$elf up, yet 
"there was notapy mtum.of.the hemorrhages Af^ 
^^he wap kUled' we disseioted t^ thigh,; and fimad 
'.^ tiiat the,bleedi|ig was. npt/ suppressed by c^ngeated 
" Uoqd, but by.aU t^e ye^sjE^sbeiog quite close con- 
^ftractedfor near an ioph.pr more from their ex^ 
"tremity.''*^ 

1 '■;.•'■ '^ ' ' '. ■ ' ' ' ' ■ , ■ * 
* Kirkland's Essay €^ the Methods of suppressing Haemonrhft- 
ges from divided Ar^rie;i. 
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Mr. Kirkland repeated \Ai experiments, and the 
results were the same; but he very properly sought 
to confirm his opinions by observations made on the 
human subject, and his experience afforded him the 
following. 

Joseph Ayre, of Cadwdl, had a spurious aneurism 
bf the humeral artery, on which Mr. Kirkland per- 
formed tlie usual operation \n 1757.' ^'^ The impulse 
*^of the blood against thef ligature at the time olF the 
** operation wai very great; and as part of the arteiy, 
^ whose diameter was considierably enlarged, was ex- 
**p6sed, its pulsation was remarkitbly^ visible; but 
" upon removing the dressings, three days afterwards, 
** th6 pulsation could neither be seen nor felt nearer 
**t6 the ligature than an inch and a half:" whence 
he was led tocbridtrde, •^tliat the artery had collapsed, 
^'and gradually closed itself up to ttie nearest la- 
'*teral branches, as the resistance towards the liga- 
*^ture abated from the blood parsing through those 
^vesseh.''^ ^ s ..,..•/. * 

In proof both of the conttia^on of am aftery, and of 
Ae rapidity with which it takes phice, Mr. Kh^laiid 
proceeds: " I have observed th*t arteries, as those we 
^* comnlKinly meet with ih ctitting for the stone, or in 
^•t^ing off scitthous breasts, 8cc.*wAly for the most 
♦•part, if they are Wholly divided, be cfitctually 
^ dosed' by pressure ki ihr ee bt foiir niinutcS. ' And if, 
"in taking off a leg, we intercept the eourse of the 

* Kirkland*s Essay on the Methods of suppressing Hsemor- 
rk^:m ftotB divided ^imeis. 
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<f blood ikxiger ^han is ntually done, most of the ar- 
!f 'teries will be closed, if the patient is in a tolerable 
^hgood haiittt; as I have Itsyrnt, by tying the large 
V.^Bessek, uritbout^^ loosening the tourniquet. I took 
^^jqff a woman's leg near the middle of her thigh, and 
Jt^tiedrrdie large artery without loosening the toumi- 
'^i|tiet: tjpcn^ setting it at liberty, we observed some 
9&bIood draining >down the muscles from one artery 
^only; iand tfapu^ it had i contracted, so much as 
BjBoacce toadmit the passif^ of any blood, yet^ by 
^^Ifae .piilsation^ i^ app^red to be a vqy considerable 
** vessel; and, on this account, the ligature was used. 
** Several more which did not bleed- were discovered 
^'by.a 9m)ngfaiIsation at their extremitiea; and'fliere- 
^^fot^e, instead of dres^ng the patient immediately, 
5f we. waited ten or fifteen numutes, andgsve her wine 
'^te> raise her spiriis, ^so that we might see whedier 
^diey would bleed or not, and thereby prevent our 
^^ being ahrmed with a fresh haemorrhage after she 
t^ was put to bed; but during this time the pulsation 
*• gradually disappeared, and the bleeding was effec- 
"tually stopped. Indeed, since I have attended to 
atUs/circumststtioe, I have seen it so often^h^pen, 
^'that I am well convinced, in amputations larger 
'^ vessels have been trusted with lint and flour than 
'^ has been geiii&rally imagined; and that i$hcn a fresh 
^lisfefmoniiage retuma stome hours after an operatiim, 
^ tl is iK)t from smidl arteries being dilated by an in- 
'^creased motion in the Uood, as has generally been 
^^ thought, b^t to the principal lateral branches, 
^^ which had clos^ themselves, being again forced 
** open.'' 



Mr. White, whose oinnicm carnes great weight ndtb 
it, thus ^ves his unqualified assent to the doctrine of 
Mr. Kirklwd: ^*ln regard to the means wtibh Nature 
^^ employs in the stoppage of hsmorrhages from divided 
^* arteries, I never tlKHight Petit's thcoiy of a coigu- 
^^ lum at all probable: a cpagulum of blood forniediiK 
" the end of an artery is so fer from bemg of any sei'- 
" vice, excqpt in some few cases wdfiere the air caiiiidt 
*^ get admission, that it is absolute^ prejitdicial, as I 
" have often observed; and shouhl always be removed 
^^ before the aj^lication of spaog^^ or any liing<|Rrs 
** substance." 

" Pouteau's hypothesis, that the swellii^ of die 
^^surrounding cellular substance closes die artery, 
*^ seemed mcu-e probable; but I am now convinced, 
"from several observations, that, aecording to die 
" suj^position of Mr. Gopch, Mncc confirmed by my 
" ingenious friend Mr. Kirkland, the arteries, by theh: 
"natural contraction, coalesce^ as far as their fir^t 
" ramife»ttoni"* • 

Mc. White diinks the fc^wing case a good proof of 
this doctiiife; r i . 

An old woman had a c(»npcHi]id fraction of the fiire- 
arm, which he found it expedient to amputate at the 
end of three weeks; but she died on tl^ .^^th day 
afrer the openUion. We are only concerned in the 
sCate of the truncated arteries, which had been stq^)ed 
with sponge, and of whose dissection he ^a the 

* WlMtc*s Cases in Surgery. 
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folloiiring suscotmt: ^^ Laying bare the humeral artery; 
^^ I cut it open to the place where it divides into the 
^\ra££d and ulnar branches. I then introduced a com- 
^' men silver probe into each branch, which passed 
** very easBy to a certain point, which seemed about 
^*an inch from the extremity of the stump; but could 
'^ go no further. I then used bristles, and pushed 
''them with all the force they would bear; but they 
''stopped at the same place. I next laid open the 
"arteries to their extremities, and found them intirely 
" closed, near an inch from the end of the stump, 
" but from that point upwards their capacities were 
" not at all diminished, nor was there any coagulum, 
" or clot of blood, in the vessels, or any where near 
"them.'^* 

Mr. White adds another example, taken from an 
BTttry J Jburteen years after the operation for aneurism 
had been performed on it!! 

That an artery contracts after it has been divided, 
I am ready to admit; and the experiments which I 
shall presently lay before the public, authorize me to 
say, that the contraction of an artery is an important 
in^ans, but certainly not the only, nor even the chief 
means, by which hemorrhage is stopped. 

Let us inquire whether in Mr. Kirkland's experi- 
ments all the circumstances were natural, so as to jus- 
tify Mr. White in considering them conclusive as to 
the ^' means which Nature employs in the steppage of 

* White's Cases in Sprgcry. - 
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^' haemorrhage from divided arteries.^' IVfr. KirUatid 
wished to determine the effects of temporary prepare 
on arteries, and therefore f» his experiments he applied 
a tourniquet on the hmby a ligature onjhe artery^ or 
his finger to the mouth of the artery. AU these are ar- 
tificial means, taking off the force of the circnlation 
from the extremity of the artery, and allowing it to 
undergo those changes proper to the new condition 
into which it is brought. One circumstance only being 
omitted, the means can no longer be natural; especi- 
ally when it is that one most important circumstance 
of all, the source of our anxiety and alarm, namely, the 
impetuous fk>wing of the blood through the wound of 
the arter}% It is the hemorrhage itself which resists 
the contraction of the artery to a degree that would, 
in almost every instance, be attended with fatal con- 
sequences (the artery being supposed lai^ enough to 
admit of such consequences) but for a coagulum, 
whose formation, situation, and use, will soon engage 
our attention. 

Mr. White draws his concXxx^ns from the coniUioM 
of a tied artery^ in which I am ready to admit thU 
the formation of a coagulum of blood is contingent; 
and, except under particular circumstances, of no 
use; and employs them to explain ti^ condition qf a 
divided artery left to Nature, in which I shall maintain 
that a coagulum is, in general, essential to the preser- 
vation of the animal. 

In order then that we may come at the natural 
means by which hemorrhage is stopped, the divided 
artery must be left to itself, the size of the external 
wound being so regulated that the blood does not flow 



ibsler than comports with the powers of the animal; 
fot it is obvious, that if in a large animal a great artery 
be divided with a free external wound, the animal 
must die Within the time required for the natural 
means to restrain the hemorrhage. 

1 refer the reader to the third section of this chapter, 
where, in its proper place, it will be shown that Mr. 
Kirkland himself, under circumstances more nearly 
corresponding with the natural means of suppressing 
hemorrh^) is obliged to admit the doctrine of a coa- 
gulunx of blood. 

The last theory which I have to notice, is that lately 
published by Mr. J. Bell,* who, after freely criti- 
cising those which I have already mentioned, confi- 
dently asserts, that, " when hemorrhage stops of its 
** own accord, it is neither from the retraction of an 
" artery, nor the constriction of its fibres, nor the for- 
' " mation of clots, but by the cellular substance which 
" surrounds the artery being injected with blood." 
It is to be regretted, that among the plated which Mr. 
BelLhas very judiciously introduced to illustrate the 
doctrines of Petit and Pouteau, he has not added one 
to exemplify his own, which, although it appears to . 
be delivered in very decisive terms, yet, in its affirm- 
ative part, at least, is vague and inconclusive. It was 
perhaps on this account that the author subjoined a co- " 
pious illustration of it, which I shall also quote, that I 
may not incur the reproach of having given only a 
partial and unjust view of his theory. 

♦ Principles of Surgcrf, 
F 
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*' The stream of blood graduaUy less^is, because 
V the artery is emptied, and the resistance to the artc- 
** rial action taken away; the stimulus being gradually 
" lessened, the artery every moment acts less power- 
^^ fully; and the blood being no longer solicited w 
" urged on by the arterial contractions, forsakes the 
'^ open artery, and moves along the neighbouring 
** branches. The surgeon claps the point of his finger 
'^ upon the mouth of the artery, and holds it there; 
" the outward bleeding is prevented; the blood is 
*^ extravasated into the cellular substance round the 
^^ mquth of the artery; the cellular substance is slightly 
^^' injected with blood; that blood coagulates, and that 
" slight barrier is sufficient to restrain the bleeding bf 
^^ a small artery, till the parts inflame, and the artery 
" is entirely stopped* 

" Supposingtheartery stilllai^er and more powerful, 
*• and that it drives its blood very furiously among the 
^^ cellular substance, it is not this slight injection^ o£ 
*^ the cellular substance that will restrain the bleeding. 
" Whenever the finger is removed the blood bursts. 
^^ through this slight impediment. The injected eel- 
^^ lular substance will not support the artery, unless 
^^ the cellular substance itself be also supported. • • • 

^^ •«•••.. • Retraction of the artery has no 
' *^ effect in suppressing hemorrhagy, but as it fills the 
*^ cellvilar substance; and this injection of the cellular 
'^ substance is but a slight obstacle, fit to support imly 
" the very, smallest arteries. The natural powers 
*^ which restrain hemorrhagy, do but suppress it for a 
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" time, and expose tlie patimt to seotrndary hieinor- 
"thage!" 

According to Mr. BeU's first position it appears, 
that thd injection of blood into the cdlular membrane 
which sufroutids the artery, is the only natural cause, 
by #fatch hemorrhage is stopped; but as he hals just 
before sud that ^ is nc^ stopped" by the formation 6f 
ck)ts, vte are at a loss to know, how this injek^tion of 
the cellular membrane effi^ts the suppression of 
hemorrhage. If we have recourse to his explanation, 
our curiosity is vkA gratified, ai^ our embarrassment 
certainly not dtminished, for we there find that the 
cellular memlorane is only *^ slightly injected with 
, " blood,'' so that we are not at liberty to infer that it is 
so completely injected as to compress the artery, 
and in tl^t way stop the flow of blood. Indeed, 
however plausible such an assertion might have 
made the doctrine, it would not have been valid: 
but, continues the author, *^that blood coiigulates, 
^^ and that slight barrier is sufibiebt to restrain the 
'^ bleeding of a small artery, &c." But what is the 
nature of this barrier, and in what manner does it stop 
the hemorrhage? for it is to be remembered that we 
are previously informed in positive terms, that it is 
not stopped by the formation of clots; and although,- 
in conformity with this, it is not said that the blood is 
efiused into the cellular membrane, at the mouth of 
the artery^ but round it, yet, from what has been said 
above, it must, I think, be pretty evident that an ef* 
Ibctual compression of the artery is n<^ imjdied. 
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Left then, as wehave been, by the author, tp madke 
the best we can of the theory and explanatioHy the 
only conclusion at which we can arrive without assis- 
tance from* him, is, that hemorrhage is not stopped 
"by the formation of clots, but by the Ci^liulat ^ib^r 
" stance, which surrounds the artery, being injected 
*^ with blood, which, according to the illustrMion^ 
" coagulates;'' but as the artery is evci^: where sur- 
rounded with cellular substance, the coagulated blood, 
which stops the hemorrh^e, musit necessarily be in 
the ovular substance: we have, therefore, only to 
discuss the d^erence between a dot of blood, and 
coagulated blood, to discover the principal difference 
between this offspring of Mr* Bell, and what he has 
been pleased to call Petit's " sickly child. '* 

^' Retraiction of the artery," says Mr. Bell, "has 
" no effect in suppressing hemorrhagy, but as it fills 
" the cellular substance*'^ But let it be observed, that 
besides filling the cellular substance round the artery, 
it also fills the cellular substance at the mouth of the 
artery in a particular naanner; for the divided artery 
by its retraction within its cellular sheath, leaves a 
space of a determinate form,^ which, all the circum- ' 
stances necessary for th^ suppression of hemorrhage 
operating, is gradually filled up by a distinct clot. If 
Mr. Bell reaUy means to confine his doctrine of the 
natural means of suppressing hemorrhage to the in- 
jection erf the cellular membrane round the artery with 
blood, he dwdls improperly on one of the attendant 
circumstances to the exclusion of the retraction and 
contraction of an artery, and the formation of a dii^- 
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tinct clot-^-^U of them primary means in the natural 
suppression of hemorrhage, of which abundant proofs 
will be given in the proper place. 

I have chosen to set Mr. BelPs theory in its strongest 
and best point of view, by confining it to the injection 
of the, cellular membrane mth blood; for, injustice to 
his physiological knowledge, I think it unnecessary to 
examine the accuracy of the reasoning, by which he 
would show, Aat the blood Jbrsalces the open artery; 
rather supposing, that, on this occasicm, he has hastily 
adopted the account, given by the Editor of the Me- 
moires de TAcademie Royale des Sciences for the year 
1735; who, in giving an abstract of Petit's paper, for 
the year 1731, says: ** Dans le cas d*un tronc d'artere 
** coupe, Ic sang qui continue de s*y rendre, ne doit plus 
" y couler que jusqu^a Pendroit, oil il rencontrera une 
" branche coUaterate entiere dont U enfilera la route^ au 
** moyen de quoi la circulation s'achevera." And I 
am still less disposed to dwell on the inconsistency of 
^itroducing the surgeon's finger as an auxiliary to the 
natural means by wbi^h hemorrhage is stopped. 
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SECTION IL 

Having now given a full, and I trust, accurate 
detail of the various theories, which have been offered 
in explanation of the natural means of suppressing 
hemorrhage; I remark, that although they are all 
more or less deficient, yet each contains correct and 
valuable observation; which, however, having been 
made at different stages of the process, has afforded 
but partial views of it to each observer, arid has 
thereby given rise to the discordant opinions we haVe 
reviewed. It is obvious that a connected series of 
observations can alone afford a full and satisfactory 
view of the subject: such a series, whilst it confirms 
and reconciles most of the facts on which the preced-- 
ing theories were formed, will prove them to have 
been deduced from too limited an investigation; and 
induce us to suspect, that, in some instances at least, 
their authors have been influenced by a spirit of oppo- 
sition and innovation, and an unjustifiable propensity 
to ass^ the whole effect to one circumstance alone, 
regardless 'alike of the observations of others, and of 
the general analogy of the operations of the animal 
economy. 

The truthrof this remark will, I think, appear from 
the experiments, which in conformity with my plan 
I proceed to relate. 
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EXPERIMENT I. 



Having laid bare the carotid artery erf* a horse, I 
passed a bistoury under it, and completely divided it, 
leaving the external wound open. A rapid and pro* 
fuse hemorrhage followed; the animal, after a short 
time, fell, and very soon expired. The hemorrhage 
did not cease before its death. The cellular membrane 
surrounding the divided portions of artery was very 
much filled with blood; both extremities of the artery 
were considerably contracted, particularly the one 
next the head; each was separated from the other, 
having retracted within its sheath, and thus, in the 
upper portion, a canal extending about. half an inch 
beyond the es^tremity of thc^li^ery, was formed, but 
there was no coagulum contained in it, the blood 
having run off so freely and rapidly as to prevent its 
format'^on. See Plate I. Fig. 1. 

' EXPEKIMENT II. 

I *; 

The carotid artery of a horse was laid bare, a liga- 
ture passed under it, and die integuments were brought 
togedier by sutures; then, by ipeans of the ligature, 
the artery was drawn out between two of the sutures, 
and completely divided. The animal bled to death, 
but not so soon as in the preceding experimoit, in 
which the wound had been left open. The truncated 
extremities of the:artery had retracted about an inch 
and a quarter, and were very much contracted, but 
their mouths were open; the arterial sheath and sur- 
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roufiding cellular membrane were very much distended 
with blood, but the canal of the sheath, left by tte 
retraction of the artery, was not filled up with a clot. 



EXPERIMENT UI. 

iTie carotid artery of a horse was laid bare between 
the heart and an obstructed part of the artery; as, in 
Consequence of a previous experiment, 1 had reason to ' 
suppose. The integuments were brought together, 
and the artery was divided, as in the second eXperi* 
ment. A rapid hemorrhage took place; and the jets 
of blood corresponding to the action of the heart were 
very conspicuous. The artery was divided nearer to the 
heart than in the former experiments, and the anitiial 
fell sooner than eithei^Jef the others; but continued 
alive longer after falling than they did. A little whU^ 
before the animal's death the hemorrhage had nearly 
ceased; scarcely any blood could be observed to flow 
externally; but in a very few seconds after this period 
he died. 

The, cut extremities of the artery were separated 
nearly an inch: both appeared to be very much con- 
, tracted, especially thj^t extremity of the artery next the 
head; but from which no hemorrhage happened, as its 
canal above had in reality been obliterated by the ex* 
periment alluded to: the mouth of this portion of ar- 
tery, however, was still pervious, and its sheath was 
injected with blood from the artery below. The sheath 
of the portion of artery next to the heart, and the sur- 
rounding cellular membrane were very Qiuch filled 
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with btobd, «ftd k dl^ bftd beea aQCumulidng m tbt 
^ce left by tl^ fetraction of the artery: thi^ coagu* 
hted bidodi whioh, in futorei I ohal) call the externai 
ikkigubirttf Was of a oonitel figure^ its iq^x being si* 
Uiattfd near the extremity of the artefy next the head* 
and its baile continuous at its sides, with the blood 
iitua^ between the extremity of the artery neKt the 
lieart alid ilii shtath^ Whilst the middle of its base wai 
opposed to the mouth of the artery, but did not shiatil 
up very completely. See plate I. fig. 2. 



EXPERIMENT IV. 

The femoral artery bf a dog Wa* tut atirdss, so a^ 
littt to leave mdre th^u two lines breadth undivided.* 
The animal diad of a rapid ahd profuse hemorrhage 
hi about five ftiinutes. The surrounding parts were 
filled with blo<!>d^ but the External coagulum was not 
farmed. 

fixt>Etti]vtfe!hr V. 

Immediately, after a horse had been knocked down^ 
bis carotid artery was laid bare by a small incision, 
and separated, from a part of its sheath, so as to admit 
a finger under the arteryj when^ with a jerk of the 
finger^ it was torn through. The portion of artery 
next the head instantly retracted within the wound, 
the other portion hung out from the wound an inch 
smd a half; an^ from this the hemorrhage was pirofus«p 

• See Note A. 
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but from dmtit was comparatively feeble. After the 
hemorrhage had continued ten or fifteen minutes, the 
horse raised his head, and began to move his legs; 
and, in the course of ten minutes more, kicked with 
such violence, that it was necessary to pass a knife 
into his chest. Previous to the division of the great 
vessels, the jet of blood from the portion of carotid 
hanging out at the wound, had diminished both in 
size and strength. ' 

Dissection. The retraction of the portion of artery 
next the head was considerable. It lay in a bed of coagu- 
lum, formed by a complete injection of its sheath with 
blood. The artery being torn from this bed, drew 
with it an inch or more of the innermost lamina of its 
sheath, or that portion of it in which a canal had beoi 
formed by the retraction of the artery. The pcMtion 
<^ sheath projected beyond the ragged extremity of' 
the artery, its cells were distended with blood, and 
supported the external coagulum against the lacerated 
end of the artery, which it almost shut up. The 
sheath with its coagulum was of a conical form. The 
artery was contracted, but by no means to such a de- 
j^ee as was necessaiy to stop the hemorrhage indepen- 
dently of the* other natural powers, which are com* 
bined for this impwtant end. About half an inch <rf 
sheath was pendulous from the portion of the artery, 
which hung out at the wound. This sheath, its carnal 
being cut open, appeared much thickened internally 
with a coagulum entangled in its cells* This appear- 
ance partly explained the gradual diminution of the 
jet of blood. 
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EXPERIMENT VI.^ 



A very small incision was n^e in the i^ck of a 
horse, so as to expose only half an inch of the carotid 
•rt^. A ligature was made on the artery to prevent 
hemorrhage from the portion next the heart; and just 
above this ligature the artery was divided upon a di* 
rector. .The external wound being left opeii» the 
hemorrhage was profuse. A tea*cupful of blood, taken 
inunediately after the division of the artery, coagulated 
in five minutes and a few sec<Hids; the same quantity, 
taken a quarter of an hour after (by which thne the 
animd had lost an immense quantity jc^ blood, and 
i^peared very feeble), coagulated in three minutes 
and a half/ The stream of blood had now diminbhed, 
but the horse began to show signs of great restlessness, 
and in the course of five minutes more fdl. Aftet 
Ais very little blood flowed. In .this state, to prevent 
mischief, he was despatched by the shniglHerer, when 
in articulo mortis. 

Dissection* The effusion of blood in the surround* 
ing parts, even in the sheath, was very inconsiderable, 
because the artery was exposed by a direct wound, that 
had disturbed the parts but liitle, and was open; and 
also that portion of the artery which received the 
blood in the direct course of circulation, and would 
have driven it furiously into die cellular substance, was 
tied; and although, from the portion of artery next 
the head, it flowed, very freely, yet, owing to the 



9$ 

retrograde course of the blood, and the easy oudet, the 
extravasation was trifling. The. retraction of the artery 
bad taken place to the usual distance, and the cells of 
the internal surface of the sheath, left by that retrac- 
tion, were stuffed with coagulated blood, fmd a^rox- 
knated; and thus the external coagqlum was aecuredt 
and £lled up the ^moe opposed to the mouth ^ 
Ae artery, to which it was closely applied. The mouth 
ef the artery was evidently contracted, resembling very 
much the upper portion of artery rqpres^ited in plate h 
«g.2- 

The extenud coagulum was gradually forming in tht 
above experiment; but the blood requirmg, at tbt 
Jeast, three minutes and a half to coagulate, and the 
pressure of the integuments opposite to the wound of 
the artery being entirely taken off, the external hth 
morrhage was not restrained, so as tp admit of the ex» 
tensive injection of the sheath to support and detain 
the blopd at the mouth of the artery long enough to 
form the external coagulum; and, in time, to prevent 
the animal from being exhausted: it did form at last, 
but too late; and which must geh&rally be the case in 
very large arteries under the same circumstances. 



i^xrvmMSNT VII. 

The' femoral artery of a dog was divided, and th^ 
integuments were brbu^t together, as in Experir 
ment II., the section of the artery b^ing made as 
high as it was detached. Half an hour after the he- 
morrhage had completely ceased, the dog was drowned. 
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Dissection. A considerable clot of blood was found 
between the integuments and the artery, covering both 
of its cut extremities, and adhering to the lower, and 
to tl^e parts about it: the extremities of the artfiy 
were nearly an inch distant from each other: a black 
cylindrical coagulum was found stopping up the mouth 
of the upper extremity, and extending at least one 
third of an inch down fron> it, and between the vein 
^d nerve. The mouth of this extremity was slightly 
6oi>tracted. The division of the artery appeared to 
Jiave been made imniediately at its connexion with the 
cellular membrane; this appearance was, no doubt, 
rendered more complete by the retraction which ha4 
taken place. There was an effusion of blood between 
th^ artery and its $heath, to the extent of at least two 
inches: there was also a considerable effusion in the 
surrounding cellular membrane; but the artery had 
not the slightest appearance of being compressed by it. 
On cutting open this part of the vessel, a long and very 
slender coagulum of blood was found within it, which 
Iby no tneans fill(sd up its canal at any part, nor ad- 
hered tp the internal coat of the artery. Hereafter I 
shall call this the internal coagulum, to distinguish it 
frpni the external. 

About four lines breadth of the inferior portion of 
the divided artery was detached from the surrounding 
tellular membrane, its mouth was much more con« 
tractedthan the upper, and was slightly turned on one 
side; it adhered to the clot, which filled the wound, 
and lay over it; and the internal coagulum was very 
slender and thready. 
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EXPERIMENT VHI. 



The carotid artery of a horse was exposed, tied, and 
divided between the ligature and the head, as in Ex- 
periment VI.; but, as the hemorrhage from so large an 
artery had hitherto proved fatal, even from that por- 
tion of it next the head, when the wound was left open, 
the integuments were closely confined by sutures. A 
large tumor immediately formed; but not more than 
half a pint of blood escaped between the sutures, and 
this external hemorrhage ceased in a few minutes. The 
horse was killed at the end of three hours. 

Dissection. The retraction of the arteiy, and the 
extensive effusion of blood into the sheath, corre- 
sponded with the former experiments. The extrava- 
sation between the muscles was not to any great ex; 
tent. To the mouth of the artery the external coagu* 
lum was closely applied, in its form not very definite, 
in its extent equal to the retraction of the artery within 
its sheath, by which it was supported; and, at the 
part where the sheath had been wounded, it was con- 
tinuous with a very large coagulum that filled up the 
cavity of the wound. The artery being cut open <^itc 
to the external coagulum, a long and slender' internal 
coagulum was found, which extended beyond many 
collateral branches, but did not occupy a sixth of the 
artery. In all probability this was formed after the 
death of the animal; for the examination was not made 
till an hour and an half after the great vessels had been 
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divided close to the heart, which, of course, would 
let out the blood from the adjoining part of the carotid; 
but it would not completely escape from that potion 
of it next the head. There was no appearance of 
lymph at the truncated extremity of the artery, to 
which the external coagulum was applied, nor was the 
adhesion between them very strong. 



EXPERIMENT IX. 

The femoral artery of a dog was divided in the 
manner described in Experiment II. and six hours 
afterwards the animal was killed. 

Dissection. The integuments slightly cohered to a 
large clot of blood that lay in the wound. The clot 
being divided, a small quantity of uncoagulated blood 
was found within it. The sheath of the artery, and 
surrounding cellular membrane, and, in several places 
the cellular substance between the muscles, were filled, 
to the distance of two inches above the divided part, 
and fully as much below it, with coagulated blood. 
The superior extremity of the artery was contracted, 
smd its mouth shut up by the external coagulum,- 
which projected beyond it a quarter of an inch, and 
was turned forward into the clot lying in the wound. 
A small band of coagulated lymph lay across the ar* 
t«ry a little above this extremity. On cutting open 
the artery, the internal coagulum was seen a quarter of 
an inch long, and of a black colour, lying in contact 
wtththe external coagulum; but neither filling up the 
canal of the artery, nor any where adhering to its 
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ititemal surface. The txkot termiA&tidn df th^ end df 
the artery, viewed internally, was rather itidisthitt* 
From the extremity df the inferior portion df Armtf 
the external coagulum projected a little, and appeared 
dark. On Cutting open the artery^ this CdagUlum, t6t 
the space of three lines breadth within its canal^ ap*. 
peared whiter, and firmly adhered all round to its in. 
temal surface. This appearance of the coagulum ren- 
ders it highly probable that the indistinctness of the 
internal termination of the superior portion of artery 
was occasioned by an effusion of lymph. The inter- 
nal coagulum was long and ^lender; neither filled tlic 
cavity of the artery nor adhered to it, but was attached 
to the whiter part of the external coagulum that lay 
in the mouth of the artery* 

EXPEUIMEHT 3t. 

This experiment was an exact repetitidh of the 
Ninth. 

Dissection. The integuments ihclosed a considerable 
clot of blood, which lay over the extremities of Uie ttf. 
tery. This clot being raised Irom the extremity df the 
superior portion of the artery, we fouikl that it coVered 
the external coagulum, which completely shut up die 
ihouth of the artery^ and Was, for the spaee of ode-third 
of an inch, i. e. as far as this portion of the artery had 
retracted, of a slightly conical form, and then swelled 
intd a larger portion, which was continuous with die 
crfot, above described, that lay over it. I cut aWay the 
iUperit)Cttmbeat elm from the external coagulum jusl 
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beyond the sheathy where the latter coagalum was be* 
ginning to lose its distinctive character. The effusicm 
of blood was as extensive as in the last experiment. 
The i^eath could ^be distinctly traced over the external 
coagulum, and was^ gradually lost on it. The artery 
was cut open; its termination was npt distinct, proba- 
bly from the cause suggested in the preceding experi- 
ment; the internal coagulum was very small and slen- 
der, and lay loosely within it. 

The appearances of the external coagulum in the in- 
ferior portion of the artery corresponded with the 
above description, except that it was shorter. Sec 
plate I. fig. 3. 

EXPERIMENT XI. 

The carotid artery of a horse was exposed, and a 
ligature made on it. The artery was detained ^t the 
surface over a strong probe, whilst the integuments 
were brought together by the uninterrupted suture ex- 
cept at this part, but a single ligature was left in re- 
serve to secure them. The artery being divided next 
the head, it instantly retracted, and the spare ligature 
in the integuments was drawn. The blood floMatd 
freely between the interstices, but was evidently much 
restrained by the confined integuments. The animal 
(which was in poor condition) in the course of fifteen 
minutes, became very faint, as appeared from its 
trembling, heaying, and the convulsive twitches about 
its neck. These fits returned often, and during their 
continuance the hemorrhage always diminished^ but 
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dtd iKrt cwse tMtecnally for on hoar. The amiteal was 
killed after six iioars. 

^ DissectioihTlK blood was e&sed to aigmaftdittaAQC 
intotibeoenulariiieiiibraiie of the contiguous nuiadc^ 
and beyond tMs, quite to die angle of die }aw^ die neok 
^mas loaded wbh serum. The ^uteiy Iqrin an immenfie 
<:oagulu«n; ks sheath was separated, and its distinc- 
tive character confounded by the quantity of blood that 
lud dbeen forced betwi^n it and the artay« The ex- 
temal'coag^ihun in the canal of tibe sheath appeared to 
ix intenntxed with lympAi, of which « lamina, isime^ 
diately applied to the mouth of the artery, and cloadkf 
adhering to it, seemed most distinct. The internal co- 
agulum, of a black colour, was attached nearly to the 
center of this lymph; it tapered from this, its base, to 
the ^rat <:oUaterai branch, and w^ so small that it did 
not <K)CMpy a fourth of the camd of the artery, neither 
^id it adhere s^ all to the internal coat of the artery. 
See plate II. % 1. 

EXP£RIMENT XIL 

<JWie carotid artery of a horse, having been exposed 
by a snwffl iHcision,-'was' raised from its bed over 
a director, and an uninterrupted ligature passed 
^ntmgh the integmnents, to close them if neoes* 
sary. The artery was then torn through by a sud- 
den und vidlcnft puH with the director. The por- 
ti<Mi of artciy next the head retracted, whilst the 
.other hung out at the wound three inches. The 
hemorrhage was considerable from the former, and 
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would have been profuse from the latter, but it was 
instantly prevented by making a ligature on the artery; 
the pendulous portktti was thea cut off, and the liga* 
ture in the integuments drawn close. The blood still 
flowing frdm the portion next the head, escaped at 
Certain mterstices; these were secured, and it soonr 
itt<^p^)ed* The animal was killed eighteen hottf» after 
the operation. 

Dissectdon. The artery had be^n so torn, that the 
|«ptio»of It next the head ky within its sheath four 
intehes above the wound; h^ if we remember that. 
diree inehes of the portion of it next the heart hung 
from the wound,; it w^ appear, that tf^e retraction 
was not ttiore than ordinary, and scarcely so much-. 
The shealft erf the artery was, for many inches, round 
and firm, from the quantity of blood itijectJed into 
it; The external eoagultrm was formed as usual in 
tfce camd* 6[ tht sheath, but its conical shape was 
more strongly defined than usud. It was very mucfi 
int eimix cd with lymph. To it acBiered a teng bteck 
cdagulum, filling four inches of the canal of the 
artery. This was the internal coagulum^^ and purely 
of blood, yet it adhered to the artery in very many 
parts. To account for this unusual appearance, th^ 
artery was examined. Its internal coat had been lace- 
rated in numberless parts, and at every laceration 
tfterc had been an efftrsion of lymph, to which the 
internal coaguhnn adhered. In this instance, contrary 
to all the precedmg and subsequent experiments, the 
internal coagulum seems to have had some share iat 
the security against hemorrhage, but only in conse- 
quence of the injury dbne to the interaai coat of die 
artery. 
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EXPERIMEMT XIU. 



The femo^ artery of a dog was completely divi- 
ded, and the integuments were brought together as 
in Experiment II. The dog was killed twenty-four 
hours after. 

Dis^iection. The integuments cohered, by an in- 
tervening layer ot lymph, Xo a large clot of bjiood 
that lay in the wound, but their edges had not united. 
The cellular membrane was filled with coagulated 
blood from the knee to the internal part of the |)elvis* 
The superior portion of the artery, was slightly con- 
tracted at its extremity, and shut up by the external 
coagulum of blood, which extended about a quarter 
of an inch from it, and, becoming rather smaller at 
its end, was turned forward. On cutting open this 
portion of artery, its extremity was found filled up, for 
at least one line's breadth, with lymph, which adhered 
firmly all. round to its internal surface. There was no 
division between it and the external coagulum, but an 
obvious difference in colour. 

The external coagulum in this, and the Ninth Ex- 
periment, was, for some time, supposed to be the ex- 
tremity of -the artery. It resembled the artery both in 
size and figure; and their attachment being intimate/ 
their junction smoothed over by the sheath^ . and the 
parts obscured with coagulated blood, it was not pos- 
sible to say where the artery terminated, until the parts 
were dissected, and the artery cut open. 
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The internal surface of the artery appeared inflamed 
a little above the external coagulum, and its coats 
were thickened. 

^ Theextremity of the inferior portion 6f the artery was 
very much contracted, and just beyond it the external 
coagulum projected, for it was small, and of a brown 
colour, and adhered to about two lines breadth of the 
internal coat of the artery. The internal coagulum 
had not formed, for the division of the artery had been 
made immediately above a very large branch, v 

1EXPERIMENT XIV. 

The femoral artery of an ass was divided, and the 
wouoid of the integuments so secured by the inter- 
rupted suture as effectually to stop the external flow ' 
of blood, but a large tumor formed under the integu- 
ments. . On the following day the whole limb was 
mach swollen, partjicularly near the wound, where the 
parts, were painful to the touch, and hot. The animal 
was killed twenty-four hours after the operation. 

Dissection. The extravasation of blood had been 
immense, and extended from the pelvis to the knee, ' 
yet it did not follow the artery through the triceps, its 
course being nearer the integuments. The sheath of 
the artery was loaded with the same from the triceps, 
where it is perforated by the artery, and upwards. 
The canal of the sheath supported the external coagu- 
lum of blood, which adhered to the mouth of the ar- 
tery along its internal border. The internal coagulum 
tapered into the canal of the artery from the external 
coagulum as its base, and adhered only to it. 
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BXPERIMENT XV. 



The humeral artery of a dog was divided, and the 
Wound in the integuments left entirely open. A very 
profuse hemorrhage ensued,, but the animal soon be- 
came faint, and die blood ceased to flow. The animal 
was killed twenty-four hours after the operation^ 

Dissection. The surface of the wound was covered 
with a layer of lymph. There was scarcely any effused 
blood in the cellular membrane, except in the sheath 
of the artery, to the extent of twa inches, but the ar- 
tery was not in the slightest degree compressed by it. 
The truncated extremilie^ of the artery were very 
mych contracted, but particubnrly tlie inferior; ^od 
each was closed by liie bajse of the external coaguhin 
of blood. These coagula were conical in t&eir form^ 
and comnccted by an irregulair ridge of lyn^, whidi 
extended ia a direct line from the apex of cine tO' that 
dfthe other. On cutting opeii ead% portion of the 
artery, the coats appeared very much diickcned, and 
the internal surfkce inflamed near the extremity, which 
was fiUed isp, for at feast a line's breadth, withlyns^h. 



EXPERIMENT XVL 

The brachial artery of a dog was divided as high up 
in the axilla as possible, and the integuments brought 
together. The animal was killed forty-eight hours 
after the operation. 
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Dissootbn. Hk dog having pidledawqr the su- 
tures, the wound was fouod open, aod some small 
portions of coagulated blood in its cavity. The sur- 
face of its cavity was formed by a layer of coagulated 
lymph, which appeared to be very vascular. The sur- 
lounding <3eUiilar membraiie was filled with coagu 
lated blood, but muph less distended than in theexpe 
riments ,perfc»med on the femoral artery, and from the 
colour of the parts it was obvious that absorption of 
the effiased blood had been going on. The artery was 
covered £md surrounded by a considerable quantity of 
coagulated lym^ph. The superk>r portion of the artery 
was 4xmical; a very small part of the external coagu- 
lum remained at its extremity, and was of a pale red 
colour; but dose to its termination an irregular ridge 
of lymph extended in a direct line from it, between 
two of the brachial nerves, and connected it with the 
inferior portion of the artery: this lymph appeared to 
have been e&sed in the posterior part of the canal of 
the sheath. The coats of the artery were thickened, 
and softer ^n natural; and just sihore its extremity 
the internal coat appeared slighdy inflamed, and ad- 
hered firmly to a brown coaguhim, which completely 
closed the mouth of the artery, occupying about the 
eighth of an inch of its canal. 

The extremity of the inferior portion of the artery 
was at least an inch distant from the superior^ and ter- 
minatedalsoin a cone. Iti^ mouth was closed with a 
cos^lum of lymph, which adhered firmly to the in- 
ti&msil coat, and extended up the canal a little beyond 
the part to which it adhered. The coats of the artery, 
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and e^cially the surrounding ceUuIar membrane) 
were thickened by the effusion oS lymph. 



EXPERIMENT XVil. 

The carotid artery of a horse was divided just above 
a ligature, which had been made on it to prevent he- 
morrhage from that portion of it next the heart, and 
the integuments were secured by sutures previously 
passed. The blood flowed too fast at tvfo or three inter- 
stices, but these were closed by additional sutures, and 
the external hemorrhage presently ceased. . A very 
large tumor instantly formed, but its size considerably 
diminished in the course of twenty-four hours. The 
animal was killed sixty-six hours after the operation. 

Dissection. The clot, which originally filled the 
cavity of the wound, and' distended the integuments, 
had nearly disappeared, having been either washed away 
by the discharge or absorbed. The ends of the artery 
were separated between one and two inches. The 
sheath was turgid with blood to the extent of many 
inches. To the circumference of the cut artery and just 
within it, the external coagulum, consisting partly of 
lymph, partly of )3lood, adhered. Its figure was co- 
nical, and it was supported at the mouth of the artery 
by its intimate connexion with the inner lamina of the 
sheathj which, by the retraction of the artery, formed 
a canal for it; and it derived farther support, on all 
sides, from the blood effused and coagulated between 
the inner and outermost laminae of the sheath. The 
internal coagulum was an inch and a half long, cor- 
responding to the distance between the external coa- 
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gulum and the first collateral branch. It completely 
filled the canal of the artery, and had every appear- 
ance of having been formed soon after the operation. 
It was quite detached^ and lay two inches above the 
external coagulum, having, in all probability, slipped 
from its original situaticm in handling the parts previa ' 
ous to the artery being opened. See plate 11. fig. 2. 



EXPERIMENT XVni. 

The left carotid artery of a dog was laid bare 
to the extent of two inches, and the Galvanic in- 
fluence applied to it from a moderately strong pile, 
but which produced no obvious effect: the artery un- 
denvent no other than the usual change from exposure 
to air. Two ligatures were then applied on the artery 
so as to inclose nearly an inch of it, which had been 
perforated by the wires of the pile: this portion was 
cut away. The portion of the artery next the heart was 
treated in a particular manner; the detail of which, as 
it wholly relates to the effects of the ligature, I shall . 
introduce in the chapter on that subject: all that now 
concerns us is the experiment on the other portion of 
arter}'-. The wound in the integuments was sewed up, 
and the extremity of the portion of the artery next the 
head being drawn out between the sutures by the liga- 
■ ture that secured it, the part incircled by the liga- 
ture was cut away; the blood immediately flowed in a 
full stream, but a tumor soon formed, and the he- 1 
morrhage stopped. The dog was killed seventy-two 
hours ^fter the 6peration. 
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Dis^etian. The arteries wore injected firoin tber 
aorta. The dog, which had been a stout and turbu-r 
lent anin^al, had torn the sutures out of the integu^ 
ments, and the wound was quite op^. On dilating it, 
we found that, from the curvature of the aorta to at 
least an inch above the extremity of the artery next 
the head» there was a ceoisidenible layer of coagu^ 
lated lymph, in which the artery was completely in- 
closed, but not compressed by it, although it was im- 
possible to conceive a more complete ** engorge- 
ment"* of the qellqlar membrane surrounding it. 
The effusied Ij'mph extended ovejr the trachea and the 
pam on the other side of th^ ^ery: it had three 
deep abacess^Jike cavities in it; in which a few smaU 
dots of blwd yet i:emained.. 

Tbo extremity of til>e portion of the artery next the 
head was so eompktely surrounded by coagulated 
lymph, tjbat it was impossible, from an e;^temal view 
of it, to 3ay exactly where it termioajted. On wtting 
it ope^, we found that the injection had been forced 
down to its mouth, and was pressing on the internal 
qoag^lum of Wood, which was very small, and Is^ 
Iqosq between it and the external coagulum. The 
fetter shut up the mouth of the artery, was nearly a 
quarts of w inoh loj^g, and termmated in a point un- 
der a lamina of lymph, which was cwtinued frooi the 
^uyfaqe of tbQ wouiid over tbip coagulwm a^d the ex- 

♦ I make this gbsi^rvation becaM.se tIgbQ state of thi^ artery fprms 
an insuperable objection to Poiiteau*s ijoctrine, ^X. the? suppres- 
sion of hemorrhage depends on the "engorgement** of the cel- 
lular membrane. 
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tremity of tbe sotny. The coats tii the artery were 
much tktekened. See pUto UL fig^ L 



EXPERIMENT XIX. 

The femoral htt^ty of a dog was divkkd^ aftd tlie 
integuments were brought together in the manner aU 
ready described. The animal was kilkd nine days 
after the operation. ' 

Dissection. The wound was open, but its extent 
much diminished. Its surface was formed of a thick 
layer of very vascular lymph, which, being divided, 
discovered the truncated extremities of the artery 
half an inch apart. The cellular memt^raiie surround- 
ing each extremity of the artery, for the space of an 
inch, was very much thickened with coagulated lymph. 
The superior portion of the artery was slightly con- 
tracted at its extremity, which was completely closed, 
and filled up with lymph. From this closed extremity 
extended, about two lines' breadth, a small rounded 
whitish substance, of the consistence of jeUy, which, 
probably, was the remains of the external coagulum 
not yet absorbed. Within this portion of artery we 
found a small conical coagulum of blood; attached at 
its base to the lymph that closed the mouth of the ar- 
tery, but not adhering to, nor even appearing to touch, 
any other point of its internal surface. 

The inferior extremity of the artery was much more 
contracted than the superior, its termination being 
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very distinctly of the figure of a cont. On cutting it 
open we found its mouth completely contracted, and 
adhering to the lymph that closed it. An internal 
coagutum, similar to that of the superior portion of 
the artery, was attached to this lymph. The coats 
of both porticms of the artery were very much thick* 
ened. See plate I. fig. 4. 
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SECTION III. 

• 

The results of the experiments related in the la&t 
section will not allow us to give so concise and simple 
an account of the process, as has hitherto been done; 
but they afford us one more satisfactory, because it 
accords better with the operations of the animal eco- 
nomy, in: which we are accustomed to observe the 
most important changes gradually produced by the co- 
operation of several means, rather than by the sole 
influence of any one in particular. 

They accordingly show, that the blood, the action 
and even the structure of arteries, their sheath, and 
the cellular substance connecting them with it — in 
short, that all the parts concerned in or affected by 
hemorrhage, contribute to, arrest its fatal progress, by 
operating, in the case of a divided artery of moderate 
size, in the following manner. 

An impetuous flow of blood, a sudden and forcible 
retraction of the artery within its sheath, and a slight 
contraction of its extremity, are the immediate and 
almost simultaneous effects of its division. The natural- 
impulse, however, with which the blood is driven (mi, 
in some measure counteracts the retraction, and resists 
the contraction of the artery. The blood is effused 
into the cellular substance between the artery and its 
sheath, and passing through that canal of the sheath 
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which had bteen formed by the retraction of Ae artery^ 
flows freely externally, or is extravasated into flbc 
surrounding cellular membrane, in proportion to the 
open or confined state of the external wound. The 
retracting artery leaves the internal surface of the 
sheath uneven by . lacerating or stretching the cellular 
fibres that connected them. These fibres entangle the 
blood as it flows, and thus the foundation is laid for 
the formation of a cq|igulum at the mouth of the 
artery, and which appears to be completed by the 
blood,' as it passes through this canal of the sheath^ 
gradually adhering and coagulating around its internal 
surface, till it completely fills it up from the circum* ' 
ferencc to the center. x 

A certain degree of obstruction to the hemorrhage, 
which results from the effusion of blood into the sur- 
rounding cellular membrane, and between the artery 
and its sheath, but particularly the diminished force 
and velocity of the circulation, occasioned by the 
hemorrhage, and the speedy coagulation of the blood» 
which is a well known consequence of such diminished 
action of the vascular system, most essentially contri- 
bute to the accomplishment of this important and de- 
sirable efiect. 

A coagulum then, formed at the mouth of the 
artery, and within its sheath, and which! have dis- 
tinguished In the experiments by tlie name of tbe 
external coagulum, presents the first comfdete burricr 
to the effusion of blood. This coag^um, viewed ex- 
ternally, appears like a continuation of the artery, but 
on cutting open the artery, its terpiinationM:an be dis- 
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tinotly teen with the oo«gulum completely shutting 
up its mouth, and inclosed in its sheath. 

The mouth of the artery being no longer pervious, 
nor a collateral brunch very near it, the blood just 
within it is at rest, coagulates, and forms, in general, 
a slender conical coagulum, which neither fills up the 
canad of the artery, nor adheres to its sides, except by 
a small porticm ofthe circumference of its base, which 
lies near the extremity of the vessel. This coagulum 
is distinct from the former, and I have called it the 
internal coagulum. 

In the mean time the cut extremity of the artery in- 
flames, and the vasa vasorum pour put lymph, which 
is prevented from escaping by the external coagulum. 
This lymph fills up the extremity of the sutery, is 
situated between the internal and external coagula g( 
blood, is somewhat intermingled with them> or adheres 
to them, and is firmly united all round to the internal 
eoat of the artay . 

The permanent suppression of the henKnrhage 
chiefly depends on this coagulum of lymph; but while 
it is forming within, the extremity of the artery is 
fiuther secured by a gradual contraction which it un- 
dergoes, and by an eflusion of lymph between its 
tumcs, and into the cellular membrane surrounding it; 
in consequence of which these parts become thickened, 
and so completely incorporated with each other, that 
it is impossible to distinguish one from the other: thus, 
not only is the canal of the artery obliterated, but its 
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extremity also is completely effaced, and blended with 
the surrounding parts. 

When the wound in the integuments is not healed 
by the first intention, coagulating Ijrmph, which is^soon 
effused, not only attaches the artery firmly to the sub- 
jacent and lateral parts, but also gives it a new cover- 
ing,* and completely excludes it from tlie external 
wound, ivhich then goes on to fill up and heal in the 
usual manner. * 

The circumstances now described are observed also 
in the inferior portion of the artery, or that, which 
is supplkd with blood by anastomosis; with this differ- 
ence only, that its orifice is generally more contracted, 
and the external coagulum is much smaller than the 
(»ie which adheres to the mouth of the superior portion 
of the artery, or that frpm which the Uood flows in its 
direct course from the heart, f 

From this view of the subject we can no longer ccm- 
sider the suppression of hemordiage as a simple or 
mere mechanical effect, but as a process performed 
by the concurrent and successive operations of many 
causes: these may briefly be stated to consist in the 
retraction and contracticm of the, artery; the formation 
of a coagulum at its mouth; the inflammation and con- 
solidation of its extremity by an effusion of coagu- 

* See plate III. 

t The terms superior and inferior apply only to the extremities: 
the other distinctions here used must therefore be attended to for 
the carotids. 
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lating lymph vniMxi its canal^ between its tunics and 
in the cellular substance surroundii^ it. 

And we may conclude that, except in sopierarein^ 
stances, in which jthe strong retraction and cc^tractioa 
of a divided or lacerated artery prevent hemorrhage 
altogether, a languid state of the circulaticii is neces- 
sary for the accomplishment of the natural means by 
which the hemorrhage is stopped. These means may 
be divided into the temporary and permaneni: under 
the former head we may include the three first of the 
above meutioned causes; whilst the effusion (^ lydiph 
constitutes the permanent: yet even these can be dis- 
tinctly traced only for a certain time, in consequence 
of other changes which the artery gradually under- 
goes. Its obliterated extremity uq longer allowing the 
blood to circulate through it, the portico which lies 
between it and the first lateral branch is no more dis* 
tended and excited to action as formerly; but gradu- 
ally contracts, till at length its cavity is completely 
obliterated, and its condensed tunics assume a liga- 
mentous appearance. At the same time, the remarkable 
appearances at the extremity of the artery are under^ 
going a considerable change; the external coagulum 
of blood, which in the first instance had stopped the 
hemorrhage, is absorbed in the course of a few dslys,* 
and the coagulating lymph, Which had been effused 
around it, and had produced a thickened andalniost car- 
tilaginous ^pearaiice in the parts, is. gradually re- 
moved, and they again appear more or less com[^ely 
restored to their cellular texture. 

• Vide Experiment XIX. plate I. fig. 4. 

K 
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Nor are these all the changes which the artery under- 
,goes; for, if examined at a still later period, the li- 
gamentous portion is found to be reduced to a filamen- 
tous state, distinguishable fr9m the surrounding cellu- 
lar membrane only by being somewhat coarser; and 
thus the obstruction which commenced at the extre- 
mity of the canal terminates in the complete annihila- 
tion of the artery to the first lateral branch. 

But long before this final change is accompli;shed, 
many of the lateral branches of the superior ahd in- 
ferior portions of the artery have become very much 
enlarged, and have established by frequent anastomoses 
a free and ready communication between these dis- 
united parts of the trunk. The small branches by whose 
immediate inosculation these anastomoses are formed 
appear to have undergone the principal changes; they 
are pot only proportionably more enlarged than the 
large branches of the limb to which they belong, and 
very considerably larger than the corresponding 
branches of the other limb, but have also become 
longer, and, being confined within their former space, . 
assume a beautifully tortuous and serpentine course, 
in order to accommodate themselves to it. 

The circulation appears to be carried on as perfectly 
and vigorously by these anastomosing branches in the 
limb, the main artery of which has been divided, as 
in that in which the artery is entire; the inferior part 
of the divided artery, and all its branches, being found 
fully equal in size to the corresponding part of the 
trunk and branches of the artery of the opposite limb 
which has not been divided: and hence, we may con- 
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clud€, with the celebrated Mr. Hunter, that " Ves- 
" sels have a power of increase within themselves, 
*' both in diameter and in length, which is according 
" to the necessity, whether natural or diseased."* 

I shall now make some further observations relative 
to the external and internal coagula of bloo^l, and the 
intermediate one of lymph, which, if introduced before, 
would have too much interrupted the detail of the 
process. And first of the external coagiilum — 

Its particular figure and extent vary according to 
the manner in which the wound has been inflicted. If 
the artery, its sheath, the vein, and nerve accom- 
panying it, have all been completely divided, the figure 
and extent of the coagulum will depend on the rela- 
tive retraction of the artery to that of the sheath, which 
varies in different animals, and according as the ar- 
tery has been more or less detached from the surrouiul- 
ing cellular substance. 

If the artery aione be divided, the anterior part of 
its sheath having been opened longitudinally, the 
coagulum which then forms at the mouth of the ar-. 
tery varies from a quarter to near half an inch in 
length, and differs from the form of the artery only 
in being sometimes slightly conical at its extremity; 
which, when the integuments have been sewed up 
previous to the division of thc*vessel, is turned for- 
ward, and is continuous with a large globular portion 
of coagulum, which being confined by the intcgu- 

* Hunter on the Bloody &c. 
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ments alone^ lies over it and the exti^mity of the artery. 
This appearance of the external coagulum may readily 
b^ accounted for from the circumstance of the sheath 
not having been divided so as to admit of its retrac- 
tion; whereas the complete division of the artery 
allows it to retract even within the part to which 
the wound of the sheath has extended, and, accord- 
ingly, that portion of the coagulum which lies within 
tlie entire part of the sheath, assumes the form of the 
artery; \A^ the portion of sheath which has been 
opened, being deprived of the support of the artery, 
aiul gS its tension, is more or less disposed to col- 
lapse^ and wUl necessarily give a conical appear- 
ance t6 the portion of coagulum formed within it; and 
Aus k is that the lower extremity of the external 
coagulum is somet^es conical: but when the integu- 
ments have been sewed up previous to the division of 
the artery, in consequence of the impediment which 
th^ circumstance albrds to die exit of the blood, 
even this flaccid portion of the sheath becomes fully 
dbtended with blood, and of course the cotiical form 
of the external coagulum is prevented. — I have been 
thus pto'^cukir m explaining these circumstance, 
because I wish it to be clesu^ly understood, how a slight 
diffdrente in the manner of performing the experi- 
ments may occasion a variation in the appearance erf* 
the parts when examined; and if, in repeating experi- 
m^ts otv thi& subject) any deviation from the account 
here ^ven should be observed, I am convinced it will 
be satisfactorily apcounted for, by attending to the 
manner in which the expermient is performed in both 
instances. 
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The extent, and, indeed, even the fonn^tion of the 
internal coagulunx of blood, dep^d very much on the 
distance from a lateral branch, at which the division 
of the artery has taken place: thus, if it is divided 
about a quarter of an inch beyond a branch, there will 
scarcely be formed any coagulum of this description, 
ibr the effiisicm pf lymph at the cut extremity of the 
artery is in general sufficient to £cx*m a coagulum 
which extends a little way within the artery, and 
then the space between the extremity of the coagulum 
of lymph and the lateral branch is so short, that no in- 
ternal coaguhim of blood can be formed, at leas^ 
none worth mentioning. In soitie instances I have 
found a small lamina of coagulated blood, not tkioker 
dian a six-pence, lying on the coagulum of lymph, the 
extremity of which in these cases generally projects a 
tittle beyond the extremity dT the artefy, md exiendv 
fiirther within its canal than merely the surface by 
which it adheres; which circumstance seems to de- 
pend on a laFger quantity of lymph being ef- 
fiised than is necessary to fill up the canal c^ the 
artery as far as the inflammation extends on k«r 
internal surface, and the superfluous quantity not 
cocking in contact with an inflamed surface, and the 
blood being constantly driven between it and the sides 
of the artery, it forms no adl^sion, but presets alk^ 
within the canal. It is probable that the compression, 
which the lymph undergoes from the ^adud con- 
tracticm of the extremity of the artery, may also con- 
ti^ute to this e&ct. 

But when the division of an arteiy has t^en place 
at some distance from a lateral branch, a long conical 
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internal coagulum is then formed^ whose base is situat- 
ed towards the extremity of the artery, and in geMral it 
adheres partially at the circumference of its base to 
the internal surface of the artery, close to the coagulum 
of the lymph. 

The internal coagulum of blood, however, does 
not fill up the cavity of the artery throughout the 
whole of its extent; and though conical, it has often the 
appearance of not having been formed at once, but 
by the successive coagulation of small quantities oi 
blood. It is very readily distinguished from the coa- 
gulum formed by the eflFusion of lymph from the in- 
flamed extremity of the artery, which is rather brown 
than white at first, probably in consequence of some 
admixture of red particles, and which is principtdly 
characterized by adhering almost throughout its whole 
extent to the internal surface of. the artery: whereas the. 
former, i. e. the internal coagulum of blood, although 
much longer than this of lymph, forms no adhesion 
whatever, except a slight one at its base, and 
which s^ems to be produced by the coagulum of 
blood being formed while the lymph is suffi- 
ciently recent to allow it tp stick to it. Although 
the internal coagulum. of blood when first formed by 
no means fills up the canal of the artery, except at its 
base; yet, in consequence of the contraction which 
the portion of artery containing it gradually under- 
goes, ^ter a short time it embraces the coagulum so 
closely that they appear to cohere to each other; iso 
that although the greater part of the, coagulum, pre- 
serving its natural form, may very easily be separated 
from the artery, yet its internal surface is left of a 



63 

black colour, as if an external lamina of the coagu- 
lum still remained , on it. It is also highly worthy of 
notice, that on examining, at a dists^nt period after 
these experiments, arteries which, (from similar expe- 
riments on the corresponding arteries of other ani- 
mals more speedily examined), we know must have 
had considerable coagula of blood in them^ no coa- 
gula should be found in them; but their internal sur- 
fece is very black, and their external appearance, pre- 
vious to being cut open, remarkably dark. 

From what has been said it appears, that when ah 
artery has been divided at some distance from a lateral 
branch, three coagula are formed: one of blood, ex- 
ternally, which shuts up its mouth; one of lymph, 
just within the extremity of its canal; and one of 
blood, within its cavity, and contiguous to that of 
lymph. 

I have called that of lymph a coagulum, because, 
when the divided art^y has been left entirely to itself, 
there is such a quantity of lymph effused that, al- 
though it is firmly united to the internal surface of the 
artery, it may be considered as a distinct substance; 
but, if the cut edges of the extremity of the artery 
had been kept in contact with each other by pressure, 
they would have cicatrized, and no coagulum would 
have been formed; i. e. coagulating lytnph would not 
have been effused in such a quantity as to form a mass 
of a determinate figure.* 

* The following passage shows that Petit had also bbser^ed this 
coagulum of lymph as distinct from that of blood, although in 
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I have already remarked, that when the division of 
an artery has been made very near to a lateral branch, 
no internal coagulum. of blood is formed: hence we 
see that the number of coagula varies acceding to 
circumstances. But the external coagulum is always 
Ibntied, and is subject to no other variaticHis than those 
already described. 

The internal coagulum of blood contributes nothing 
to the suppression of hemorrhage in ordinary acci- 
dents, because its formation is uncertain, or when 
formed it rarely fills the canal of the artery, or, if it 
fills the canal, does not adhere to the internal coat of 
the artery. Hitherto, therefore, I have contented my- 
self with noticing its existence, or pointing out the 
circum^ance which prevents its formation, without 
ranking it amongst the means which nature employs 
for the suppression of hemorrhage. But if an artery 
be lacerated, its internal coat will be torn in many 
{daces, in proportion to the degree of violence with 
whidi the injury has been inflicted. Under this par- 
ticular accident the internal coagulum of blood may 
extend beyond many collateral branches, will fill the 
canal of the artery, and will adhere to its internal sui;- 
faot wherever it is lacerated, in consequence of lymph 
being%fiused fi*om Uiese several wounds of the intemid 

coDUdtj aiKl no doubt adhering to k. After some precat^ons 
'which he g^ves to avoid ioterrupting the formation of a clot, he 
adds, << II sera plac6 favourablement puisque lafianie blanche qui 
" fcst plus leg^re que la rouge, s*elevera pr^s de rextrcmit6 du 
<< vaisseau, qui est le lieu le plus avantageux que puisse occuper 
^ \t calllM.^' Pdtity Mem. &c de Yzsmht 1752. 
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coat. The intemal cQa^lum miff in this case avail 
against a. return Qf hemorrhage. 

£zpenments V. and }ilh of the Second Section of 
this chapter show that ffee peculiar state of the coagu- 
lum excepted, the natural means of suppressing hemor^ 
rhage were the same in these instances of lacerated 
arteries as we have found them to be in ordinary 
wojunds of arteries; and which, contrary to what is 
supposed, will, I think, prove true .in general, with 
respect to lacerated arteries; but I am not solicitous 
of pressing this ppinipn at present. 

Although I trust that every part of the process which 
I have now detailed appears to be fairly and ^tisfac- 
torily deduced from the experiments which were pre- 
viously, related; yet, as experiments on an important 
practical sul^ject require all the confirmation of which 
they are susceptible, to intitle them to such confidence 
as may render them useful, I should but partially ac- 
conniplish my object, was I not to point out the un- 
: questionable support which the above account derives 
from observations made on different occasions, and 
with different views, by eminent surgeons and physio- 
Ipgists. But as nothing can more essentially contri- 
bute to establish its validity than an illustration of its 
perfect conformity with the remarks of almost all who 
have written professedly on the subject, although they 
have drawn very different conclusions from them, I^ 
shaU first take notice of this coincidence. 

The circumstances in which the account here given 
of the process agrees with the doctrines of Petit and 

L 



66 

Morand, need not to be pointed out: it has at once 
confirmed the accuracy of their general conclusions; 
proved them to be deficient in the series of their oh- 
servations; and, in fact, differs from them chiefly in 
being more particular and comprehensive. 

With regard to Pouteau's valuable memoir, I shall 
now bestow on it the attention to which I formerly al- 
luded, and from which I trust it will appear, thathow- 
eVfer the view which I have given of the subject may 
differ from his doctrine, it agrees with, and is con- 
fiirmed by, the facts and ^observations which he has 
recorded. ' ' ^ ' 

At the commencement of his memoir Mn Pouteau 
relates two experiments which had been made on 
horses, in order. to give Mr. La Fosse an opportunity 
to try the power of lycoperdon in stopping hemor. 
rhages: they are so ver}^ applicable to our present pur- 
pose, that I trust it will not be considered useless to 
quote them pretty fully. In the first , experiment the 
fore-leg of a horse was cut off ten inches above the 
knee; no hemorrhage followed, and of course no in- 
ference could be drawn as to the styptic power of the 
lycoperdon: but the experiment is extremely inte- 
resting as an instance of the natural means by which 
hemorrhage is stopped; for Mr. Pouteau tells us that, 
** Trois jours apres, il n'etoit point survenu d'hSmor- 
** rhagie. On fit tuer I'animal et ayant ouvert la 
" principalle artere du moigndti, suivant sa longueur, 
" on trouva qi^atre doigts au dessus de Partere coup6e 
" un corps de figure cohique dont la base 6toit fort 
"adherente, par toute sa circonferenct,, d la tu- 
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" nique interne de cette artere, et tourn6e du c6tc 
" oppos6 a PextremitS tronqu6e, Ce corps conique 
" degorg6 dans de, Peau claire, parut tres distinctc- 
'^ ment un sac quasi membraneux en forme d'enton^ 
^^ noir borgne^ rempli d'un caillot de sang noiratrc; 
^^ il laissoit voir a la loupe une grande quantit6 de bour- 
'^ geons, semblables k ceux qui naissent d'une plaie 
" qui commence i s'incamer. Au reste toute I'inter- 
" valle de Tartere comprise entre Tendroit ou le sac 
" 6toit adherent ct TextremitS de I'artere tronqu6 6toit 
^^ rempli de caillots lymphatiques et sanguins, sans 
" ordrc ni figure reguliere, ayant, cependant, quelques 
" legeres adhgrences avec I'artere.''* 

A few observations will be sufficient to show the 
agreement between the appearances here mentioned, 
and the account which I have given of the natural 
process of suppressing hemorrhage. It is to be re- 
membered that Pouteau, among his objections to for- 
mer theories, speakis of the retraction of divided arteries 
as a thing which had not been proved; consequently 
he has not availed himself of it in explaining the ap- 
pearances he observed; but has proceeded on the sup- 
position that the artery preserved the same relative 
position to the surrounding parts as it had previous to 
its division; and hence he informs us, that Jour 
fingers breqdth above the cut artery ^ a conical sub^ 
stance was founds whose base adhered by its circum* 
ference to the internal coat of that artery^ and was 
turned in the opposite direction to its truncated extre- 
mity. But since we are no longer at liberty to doubt 
of die retraction of divided arteries, and we find that 

* Melanges de Chirurgie, p. 301. 
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in the instance now under consideration the division 
was not followed by hemorrhage, we may ^1^ con- 
chide that the artery must have retracted very forci- 
bly; in consequence of .which the extremity of the 
sheath had been drawn together, so as to form a coni- 
cal pouch, into which a little blood flowed from the 
artery; but not being allowed to escape, it coagulated 
there, and formed the " caUlot nakr&tre^^ or, " san- 
guin," and in the course of a short time the extremity 
0^ the artery inflamed, and poured out lyniph,, which 
f<M*med the '* calllot lymphatique," which was found 
adhering by the whole of ils circumference to the in- 
ternal coat of the artery. 

After lelating this experimpnt, Mr. Pouteau informs 
us, that as it was not considered decisive with regairl 
to the effects of the lycoperdon, a second was instituted, 
in which the leg of a mare was cut off" ten inches above 
the ham; the blood flowed impetuously, but Was 
stopped by the lycoperdon. " Trois jours apr^s oil 
^^ ouvrit Tattere crurale suivant sa longueur, et oft 
" observa iln caillot forme en c6ne dont la base regar- 
♦* doit l*extreniit6 tronqu6e dePartere qu'elle bouchoit 
** exactement. La pointe tdurnge du c6t6 oppos6 
** s'allongoit en forme de stilet flottant dans le tuyau 
" arteriel. La base debordoit d*une ligne ou eilviroil 
" i'extremit6 tronqu6e de l*artere; elle 6toit mouisse 
" et arrondie en forme de mamelon et couvferte de 
" bourgeons. La pojnte avoit une ^Urfkce lissie, et 
" une consistence i peu-pres ^gale si ceite dte la tii- 
*^ nique interne de Partere. La partie moyenne qti^bii 
" pouvoit appelter le corps du caillot gtoit plus rouge- 
" atre que les extremit6s, elles n'avoient qu'une tein- 
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' '^ ture presque imperceptible; mai^ le caillot n'6toit 
^^pas moins ferine et tenoit si fortement k I'artere, 
" qu'on ne peut I'cn detacher sans d^chirement'** 

In neither of these experiments is there any mention 
made of the distance between die first lateral branch 
and the extremity of the artery. In the second expe- 
riment, however, we may conclude that tfiere must 
have b«en space enough for a coagulum to form within 
the artery, as, frofn the description given of the coa- 
gulum, it appears to have consisted of lymph which 
had been effused from the vessels at the extremity of 
the artery, aiid of blood which had coagulated within 
the artery; the former accounts for its adhering so 
strongly to it that it could not be separated from' it 
without laceration; and for the granulated appearance 
exhibited by the portion which projected beyondthe 
extremity of the artery; while the latter accounts for 
the tapering extremity which floated in the arterial 
canal. With regard to the center of the coagulum 
being more red than the extremities, that no doubt 
was owing to the lower portion of the coagulum of 
Uood adhering to the upper portion of the coagulum of 
lymph; and as the red particles of the coagulum of 
blobd would natursllly subside to its lowest part, we 
can I'eadily understand why the center should have 
been red, while the extremities were white. 

Mr. Gooch and Mr. White rested their opinions 
upon Ae experiments of Mr. Pouteau and Mr. Kirk- 
land. In the first section of this chapter I have shown 
wherein the observations of these g^demen were de- 
fective. In this I have already pointed out the cokici- 

* Mi^langes de CUrurgie, p. 302. 
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dence aflforded me by Pouteau's experiments. It re- 
mains for me to observe, that Mr. Kirkland himself, 
in treating of the imperfect application of pressure on a 
divided artery, a view of the subject which nearly cor- 
responds with the natural means of suppressing hemor- 
rhage, is obliged to admit the doctrine of a coagulum, 
though in so doing he endeavours as much as possible 
to bring it into disgrace.* 

He says, " if the fungus, instead of being pressed 
*^ close against the end of the vessel, be only laid near 
" the orifice, it suppresses the hemorrhage by choking 
" up the mouth of the vessel with coagulated bloody which 
" hinders its being closed; and though it stops the 
" bleeding at present, yet it may be the source of a 
" future hemorrhage. This is evident^ from the ex- 
** periments made by La Fosse (Phil. Trans. Vol. 
"XLIX. art. 10 and 11.) where the coagulated 
" blood, which filled the end of the artery, was formed 
"into a cone with its apex towards the heart; con- 
" sequently, if the plug happens to extend to the next 
"collateral branch, a fresh flux of blood must ensue 
" upon its coming away; for it does not unite with 
" the vessel as some have imagined. I know there are 
" instances, where an orifice made in an artery has 
" be^n stopped with a clot of solid blood, which adr 
"hering firmly to the cicatrix of the integuments, 
" produced a considerable callosity, and which seems 
" to have given rise to this opinion. But it must be 
" observed in these cases, the wound was cured with- 
" out coming to suppuration; whereas, when the air 

* Not that the coagulum was the source 6f a future hemorrhage, 
for no such event happened. 
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" has free access, we well know a^ putrefaction of the 

" coagulated blood, as well as digestion, is always the 

" consequence; and I make ho doubt but the separa- 

" tion of coagulated blood is one cause why a fresh 

^' bleeding has sometimes come on after the inflamma- 

" tion was abated, and matter began to be discharged. 

** In a very late instance, where the bleeding from a 

" divided artery had been suppressed by coagulated 

" blood, I saw it renewed again next day by taking 

" this l^lood away; the artery bleeding in die same 

" manner as when it was first opened, but upon press- 

" ing it between my fingers it was soon effectually 

" closed. This leads me to take notice of Petit's 

" opinion, who imagined that the hemorrhage from 

" divided arteries' was always suppressed by plugs of 

" blood within the vessel, becatise he found in some of 

" them, after the death of the patient, coagulated 

" blood, which extended itself upwards a considerable 

" way. But notwithstanding this it is very probable 

" that the hemorrhage was stopped by the natural 

" contraction of the vessel; for we find in the two 

" wagoners mentioned by Mr. Faget (Phil. Trans. 

" 1753,) where after death, coagulated blood was 

" found in the same manner, their extremities were 

" contracted and straitened, as if they had been tied; 

" and in the many experiments I have made on this 

" occasion, I never found coagulated blood but once; 

" and then the extremity of the artery was close con- 

" traded. It was," adds he in a note, " in the artery 

" of a large dog which was strangled. The horses, 

" See. were killed by being bled to death in the usual 

" manner, which seems to prove that the coagula are 

" not formed while the blood circulates regularly, but 
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•^^ when the animal is near dying, or immediately after 
"death.'' 

" Pouteau opened several arteries, and never found 
" any coagulum; nor is there any coagulUm found in 
" the umbilical vessels after death. From all which 
" may we not conclude, that this circumstance is 
" merely accidental, and no step taken by Nature, 
" who is always uniform if no impediment is in the 
" way?'' 

The positions of Mr. Kirkland— That the clot 
hinders the artery from being closed,. and may be the 
source of a future hemorrhage— That if it extends to 
the ne^t collateral branch, a fresh flux of Mood must 
ensue on its coming away — That ^ putre&ction of the 
clot is always the consequence of a free access of air, 
and of the wound coming to suppuration, — are mere 
opinions, junsupported by his experiments, and con- 
tradicted by mine. The* very experiments niade by 
La Fosse, to which he appeals in proof of the hemor- 
rhage being suppressed by coagulated blood if the 
> fungus is not pressed close against the end of the 
vessd, contradict those positions. He is inconsistent 
when he would explain away what Petit saw, by say- 
ing, that, "notwithstanding this (the coagulated 
" blood wthin the artery,) it is very probable that 
" the hemorrhage was stopped by the natural contrac- 
" tion of the vessel:" for his position above is, that if 
the fungus be "only laid, near the orifice, it sup- 
" presses the hemorrhage by choking up the mouth 
" of the vessel with coagulated blood, which hinders 
" its being closedJ*^ The two cases related by Mr. 



73 

Faget, to whiph he. refers, I shall presently q^ote^ and 
show that the contracti9n of the artery was only a par^ 
of the process^, and, in the degree h^ meiitions, sub- 
sequent tp the formation of a coaguli4m. He is tnista? 
ken inisaying that Pouteau never found any coagulum.. 
I have shown th».% he found it in the horses on which he 
made his experiments, when the examination was made 
in proper tin^;. but looked for it in va^n at an advanced 
period, when other changes had taken place. Th^t 
Mr. Kirkhnd should find " coagulated blood" only 
once, I confess greatly surprises me; but his experi- 
ments are before the public, and to this positive asser- 
tion I have no answer, to offer but an appeal to my„exr 
periments, and to the very respectable testimony which 
I have already brought, and still have to bring, in sup- 
port of this fact. Mr. Kirkland refers to the 49th 
vol. of the Phil. Trans, for the experiments of 'Mr. 
Lia Fosse, farrier to the king of France, made upon 
the principal arteries of horses after being diyided, in 
proof of the very circumstance which he afterwards 
wishes to be considered as merely accidental; namely, 
the mouth of the vessel being choked, up with coagu- 
lated blood, as he expresses it.. In proof of thi^ fact— 
the existence of a coagulum — I beg leave also to refer 
the reader to the same experiments, and shall only ex- 
tmct from the same volume the conclusions drawn from 
those experiments, andcommunicated by Mr. Warner, 
as from Dr. Latterman to i)r. Schlosser of London. 

" Dr. Latterman observes, that the virtues of the 
" powder of the lycop^rdon, or the lupi crepitus, have 
" been known for some time; but that Mr. La Fosse 
"has made them more conspicuous by his exj^ri- 

M - 
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''mcnts.'^ His observations are, "that, upon ap- 
"^^ plying it upon the mouths of the divided arteries, 
** when divided, the bleeding has ceased in a few mi- 
" nutes, and that the mouths of the divided arteries 
"have healed up without any farther discharge. 
" That in twenty-four hours after the application of 
" this powder, a thin pellicle or skin is formed upon 
" the mouths of the divided arteries, and that within 
" the vessel is found a small plug of congealed blood. 
*^That the pulsation of the artery is to be seen in a 
" very distinct manner at the extremities of the ves- 
" sels. That the coagulated blood is of a conical 
" figui'e, whose basis is at die mouth of the vessel*, 
" and its apex in an opposite direction,*' L e. inward. 
" Dr. L. says, that all these curious experiment^ 
"have been verified by the commissaries of the 
"academy of sciences, who t^pon observation have 
"found them afl agreeable to truth.*' The coinci- 
dence between these experiments and mine of the 
existence and figure of the intenial coagulum of blbo^ 
is quite manifest. The distinction of the external 
coagulum of blood is not made, but I think the coa- 
gulum of lymph is described where it is said, tfiat in 
twenty-four hours a thin pellicle or skin is formed 
upon the mouths of the divided arteries. 1 ilave 
before said that the external coaguhim of blood is 
always formed where the divided artery is left to na- 
ture; not so, however, if art interferes, for under 
the application of the ligature it can never form. If 
agaric, lycoperdon, or sponge, be used, its formation 
is doubtful, depending entirely upon the degree of 
pressure that is used, for these artificial modes are in 
place of the external coagulum; but the internal coa- 
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gulum of blood will be equalty formed^ whether the 
treatment be left to art or nature, if no collateral 
branch is near the truncated extremity of the artery; 
and lastly, effused lymph, which, when in sufficient 
quantity, forms a distinct coagulum just at the jmouth 
of the arter)^ will be always found, if the hemorrhage 
is permanently suppressed. ^ 

The coincidence must in similar comparisons be re- 
ceived as to the mere existence of the coagulum with- 
out reference to its distinct parts, for only Petit, as 
far as I know, has noticed, that part of the coagulum of 
blood is external to the artery, and part internal, call- 
ing them by the distinct names of " CQuvercle'' and 
"bouchon;" but the latter term, according to my 
experiments, conveys a false idea, attaching an im- 
portance to the internal coagulum that is not due to it; 

Mr. Kirkland appeals to the cases of two wagoners 
that are related in Mr. Faget's remarks oa the use of 
agaric, as making it very probable that hemorrhage is 
stopped by contraction of the artery even in those 
cases in which a coagulum i^ found. It is sufficient to 
premise, that after amputation hemorrhage was pre- 
vented by confining pieces of agaric over the arteries, 
and th^t one of the men died on the fifth day,^the 
other on the ninth, but there had not been the least 
tendency to hemorrhage. Let us be more particular 
in the report of the dissection. "I examined the 
" blood-vessels of those two patients after their death, 
" and I found them contracted and straitened, as if 
** they had been tied, and in the largest of them a 
^^ conic coagulation of the blood, which was an inch 
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" and a half long; and after having taken out this coa- 
" gulation, it was with difficulty that I could intro- 
" duce the point of a very small probe into the orifice 
" of that vessel. 

" The patient who died on the ^inth day, had the 
" arteries contracted in the same hiartner; but with 
"this difference, that the congelation was at least four 
" inches long.'^ Warner's Cases in Surgery. 

I request the reader will refei" to Expetiment XIX. 
in the second section of this Chapter, illustrated by 
Plate I. Fig. 4, The examination in this experiment 
happened to be on the 9th day, and the coincidence 
between this and Mr. Faget's cases is ve^ry striking, 
especially when compared with some of my earliest 
experiments^ by a consideration of which it will be 
manifest, that the great contraction noticed in Mr. 
Faget's case and my experiment of the 9th day, was 
that subsequent gradual change of the artery tending 
to obliteration, which I have already described. 

In justice to the accuracy of Messrs. Petit arid 
Morand, as well as to point out the exact agreement 
between their observations on the human subject, and 
those which have been made in the course of these 
experiments on brutes, I have great pleasure in giving 
the following interesting quotations, relating to the 
permanent means of suppressing hemorrhage by the 
effusion of lymph, or the formation of li coagulum of 
lymph. 
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Pfetit, after c^serving that be prefers ctets formed 
by the spontafiemis coagulation of the bk>od, withotit 
the addition of caustic, stvptics, or astringei^ts; «nd 
after entering into a particular detail of the phenomena 
of coagulation, and noticing the greater firmness of 
coagula when they consist of lymph aione, than when 
they are in part formed of red globules, very judi- 
ciously adds, " Le Caillot de la seule lymphe est 
" done plus femie, et par consequent plus durable 
** que celui de la 4)artie rouge et de la partie blanche 
** mel6es ensemble; tlil est done plusavantttgeux que Ic 
" caillot qui arrite le sang soitjait de la partie blanche 
** seule y que sexiest fait de Vune et P autre mHees ensem- 
^* ble^ Petit, Memoires de I'Acad. Roy. de^ Sciences. 

" Aprcs toutes les observations que j'ai faites sur 
" la maniere dont ^'arrete Phemorrhagie, je n'ai pft 
" m'empicher de considerer le Caillot comme un Corps 
^^ forme de l^ assemblage des parties du sang qui sont 
" destine es a la neuriture et a la reparation des parties ^ 
** c^est a dirCy d&cettjs substance que s^Spanche dam les 
" plaiesj et qui les rSunit en quatre ou cinq heuresy si 
^^ on a eu soin d^en tapprocher les bords. Ce quHlya de 
^^ certain c^est que nous trouvonsce Caillot aussi forte- 
" ment attache au borddeVouverture deVartirequeUs 
" chairs quiforment les cicatrices, le sont aux levres des 
*^ plaies. Je ne pretends pas prouver ici que I'orga- 
*^ nization ^e ce Caillot soit pr6cisement la meme que 
** celle des chairs, qui se reg^nef eftt dans les pJaieis, 
** et qui forment leur cicatrices; malis aussi on auroit 
** bien de la peine a prouver le contraire. Je laisse 
" i part cette discussion, il sufEt d'etre assur6 que ce 
" caillot ou cette portion desiic nourricier epaissie Stant 
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** unefois iniimement tmie a Vmwertufe tm coupart de 
" Partere nan seulement emp^che le sang de sertirpen^ 
^^ dant ia cure de ia nudadie, mais encore qu'eUe reste 
^^ apres lagu6rbon, et qu'^lie ne dimtnue que comme 
*^ les cicatrices diminuent, je veiix dire, i m^sOte 
^* qu'eHes affermissent." Petit, Mem. de TAcad. &c. 
" de I'annee 1735, 8vo. edit. p. 598-9. 

^' La Reflection fait voir que dans tous ces 6tats, k 
^^ CaiUot prend la forme que I'artere iui a donn6e, qu'il 
*^ £eiut toujours admettre le concours du vaisseauavec 
" Ic Caillot pour arreter Themorrhagie, et que si le 
^^ CaiUot peut pendant quelque terns su^ndre le 
" r6tour de Pbemorrhagie, c^est Partere mime cica- 
" tris^e qui doit Pempicher pour totijoursJ** Morand, 
Mem. de PAcad« des Sciences de I'ann^e 1736, 8vo. 
edit, p. 446. 

The fact alluded to in these quotations appears also 
to be confirmed by the observations of Mr. Gooch. 
" It appears to me highly reasonable to suppose, that 
^^ the native heat of the part, ^nd the action of the 
^^ vessels, keep the blood in a state of fluidity, fit to be 
" received by the collateral branches, when checked 
^^ by natural or artificial means in its direet progressive 
^* course after amputation of the limb, and that the 
^^ divided vessels then retracting, collapse and coalesce 
^^ as far as their first ramifications, A(Sz;26^iAef>77Mni^>b 
*' soon sealed up withfiesh growing from the nutritious 
** vessels^ which work of nature is pretty evident upon 
" the stump." Gooch's Cases and Practical Remarks 
in Surgery. 
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On the same^iit^ject I find the fi^owii^ expenm^ 
hy IMter* Venam grandem totam dissecui. Par9 
intestine proprior non dedit sanguinem: pars vero 
cordi* coiHinua utique. Aitenam laceravi^ ut expirer, 
num aliter lacerata se haberet quam incisa. Pars ea» 
quas intcstino propraor, eadem nuUuni sanguinem »ip- 
peditavit: i corde vero plurimus adv^t, ct modo 
pfeno flumitie erupit, modo coarctato, ut columna 
sanguinis conicam figuram exprimeret Accurate ex»- 
minato phaenomeno adpaniit, invisibilem UquoDem 
partem luminis soteriosi tenuisse^ eo majorem^ quo 
I)roprior fuit vuhieriy ut pro eadem portione, sangui- 
nea columna angustior fbret. Nam rasa ei abtter$d 
arterid torrcns sanguinis oylindri plenam figuram 
recuperavit. Denique perinde hsemorrhagias finis fac- 
tus est, ut alba nebula msbro cum centroy vas estU'emiyim 
daudeiiee.* 

I have diUgqndy sou^ in. p^iodical and other 
pecords of surgecy for coses of dji^ided arteries in the 
human subpect, to illuisttate and cofifirm the doctrine 
of the natural m^nis of su{^e$sing hemorrhage a3 de- 
duced £rom ray experiments; but I have been morti- 
fied at finding t^KKse records so barreu of Uiese impor- 
tant cases, and disappointed at the imperfect detail of 
the few that are before the public. I have especially 
to regret the total want of obsarv^ion of the condition 
of the artery itself, even where the opportunity of 
ascertaining it had offered. Four or five remarkable 
cases of limbs torn off without hemorrhage, even from 
the largest arteries, are recorded, but aflbrd us not the 
least instruction as to the means by which the hemor- 

• Haller, Op. Minor, torn. i. sect. vii. p. 109, 1 10. 
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rhage was iM*eventedy because the arteiy vnas not esa- 
mined. It is too much to assert that it wsls prevented 
by contraction of the artery. We have no proof of the 
fact. On the contraiy expmnients 5th.and I2th of the 
2d section of this chapter show, that it is by no means 
the necessary consequence of a lacefaled artery that it 
should not bdeed even as freely as after simple divi^cm 
of the artery. The differenee between my experif 
ments and these cases consists in 'thisi th^t in the 
former the artery was laceraied by a .sudden and forci* 
ble extension of it; in the ktter by violent and re- 
peated* contortkn^ not only 6f the artery but oi the 
surrounding parts* This very diflferenoe would afford 
me a plausijble solution of the difficulty ^ yet it would 
still be but conjecture, which ought not to usurp the 
place of fact. One case of laceration and two of sim- 
ple division of large arteries, in which the suj^resfiion 
of the hemorrhage was wholly natural, the reader will 
not be displeased that I quote at large, since the judi- 
cious interference of art, which is so eagerly sought 
after on these alarming occasions, can seldom allow ua 
to see in the human subject what unassisted nature can 
effect. I regret, that the opportunity which offered, 
in one of these cases to Ascertain the precise state oi 
the artery, was neglected; but as far as this case and 
the others are detailed, they contradict none of the 
observations that experiments on brutes have aflSDrded 
me; and witH these cases I shall conclude this part of 
my subject. . 

The first case that I shall quote is from Van Swie- 
ten's Commentaries;* and which he says Boerhaave 
usually related to his audience. 

* Translated from the Latin. Vol. 11/ 
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^^ A mm^tmn ww wpunde<} wtfe ft koifc 19 the 
^* 9fm-pjlt, so a§ t^ cJivide the miiAfy artery; wheno? 
" iHe MMud fgilpineji wHjh jm «cnedU>k vclocky, and 
^^ be f^ll^g <Iqw0 ^pcNi^ter, iv;a$ believed aod laid out 
« t6 bie 4f^4* but ^ t^ ne^t d^y, srlien those who 
" vwe aH)Qi9J)e4 by puUk jftutfeority ^ame to examine 
" kh ibo^y , tb«t ifery wight wake a report cooceniing 
" tim mpi^itjr pf jdi^ wouod to $ht prq|)cr judges, 
"Ibejr ^W9i jSouod A« there was w^me warmth still 
^^feq^Mowig^ftbout his thorax, ipithwt any other signs 
^* pf AMe; ^pd 4jierefi(^re they deferred ttoe examination 
^^pf ^ WW^ £pr S9ni? )»om:s; dwing ys^iwik lime 
^^^ dl^ I9r()^nd(ed p^Fson, wJAQ ei^ry <^e una^ned would 
^^llUftify e^(4re, ^ortJiy began sensibly to i^cover 
^^ ^^rn^JlA ^o ^hait notwithstanding bis continuing ao 
^^ )0|jilg ^ such a veiy low, weak, and aliaaost lifeless 
^^09^9 k^fmc^vGtp^y beyond theexpe^^Uition of every 
*^i»e.'' 

Tp\^ ws^ ^fSo^^9 w ib^ iwppitwt &ct^ that the 
a^F^l^ m^vy, jeyeg off^e fayiinsi^sn^ect^ OTpy be di^ 
yi^l^ §B^ joej the k^m^^k^P k^ wppres^esd by itfee 
Bfi^V^ m^WK b^t W|bp W9>u^ <)fMre>to ri^k this balance 
between l^e ,asd desnW Comp^e fixpRrijpieiirts IIL 
VI. and XI. and it will not be too much to repeat 
Wh^ I rn^^fj^ pppfttesion qf ttoe si^h, that when 
KWy tofflJP *^?W^ *:§ divided, widthie jprwwue erf" th<c 
i»te©M»>fin^ is $sfcen>pffi fthe ^^j^i^ftlcq^^um must, 
WifOoflT^, fcjrwi^ ifte to |>r§yQ« tite wwmal ftom 

bffWg.^3*KI||cd- ^ !) 
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The second ca$e is from Gooch,* His {^tient, when 
very drunk, was thrown out of a cart. *^ The wheel 
" of the cart passed over the top of bis arm and shoul- 
" der, contusing those parts very much, quite to his ' 
'** neck; and at this juncture an iron hook, belonging 
" to the cart, entered between the biceps and cwaco- 
** brachialis, making a large lacerated wound, includ* 
" ihg the fasciculus of nerves which take that course. 
^* The limb was wholly deprived of sensati(Mi and mo- 
♦*tion; and, finding no pulsation at the wrist, we 
'* concluded the brachial artery was divided; but the 
" hemorrhage, which at first was very profuse. Was 
^* stopped by the retraction of the vessel, and havidg 
" the arm confined to the side." The arm mortified, 
and the patient died in forty eight hours. Next morn- 
ing he examined the limb, and ** found the artery 
"quite divided, having the superior end retracted 
" uito the axilla, and separated more than an inch 
"from the inferior." This, to my regret, is all the 
examination he m^de with respect to the artery. Not- 
withstanding the laceration of the artety, we are in- 
formed, that the hemorrhage was at first very profuse. 
This case may be compared with Experiment V.arifl 
XII. of the Second Section oiF this Chapter.- 

The last case I shall abstt*act is from Crarengeot, of 
a sword-cutler, who was wounded with a broadsword 
" sur la partie antSrieure du poignet, de sortc que 
" soh articulation en fut ^ moiti6 ouverte,- un des ten- 
**dons extenseurs du pouce^coup6; Partere radiale, 
" jc veux dire celle qu'^on tate pour sentir le poul fut 

-* * Gooch's Surgery, Vol. I. 
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'^coupee, aussi hienque le tendon du muscle radialr 
" interne, Enfin ce coup id'espadron avoit si^ bien 
^* ouvert la partie ant6rieurc et interne de Particula- 
" tion du poignet droit que d^venue beante par le 
" poids dq la main, elle e^t pu y recevoir un oeuf." 

As some time was required to prepare a needle and 
ligature, he placed the hand so that the lips of the 
wound might be in contact, and made his boy hold it 
in that position, while he made ready the things which 
he required; and says, " Je me disposai d'abord i 
"lier I'artere radiale: or pour^ appercevoir le sang 
" sautiUer de cette artere, je saisis I'avant bras du bless6 
" avec ma main gauche, et avec la droit, j'empoignaj 
** ses doigts que j'avois fait tenir par mon gar^on; j'our 
^^ vris ensuite cette place en baissant la main pour ap- 
" percevoir Pendroit d'ou le sang s'el^ngoit avec tant 
" de violence: mats je ne fut jamais plus surpris^ que 
" lorsqueje vis le sang arrets. Alors je dis que la Nature 
"plus sage, nous apprenoit le vrai moyen d*ar/eter 
" ['hemorrhagic, et nous fournissoit de grands sujets 
"de reflection. '' Accordingly he only placed the lips 
of the wound in contact, applied pledgets sprinkled 
with BoL Armen: and over them compresses and 
bandages; and, to moderate the motion of the blood, 
he applied a longitudinal compress along the ins^e of 
the arm, which he put into a. sling; bled the patient 
the next day; kept him on an antiphlogistic regimen; 
and concludes with saying: ^^ Ehfln*le douzieme jour 
" le blesse fut entierement gueri, et n'a eu depuis ce 
" tems-la aucune incommodite a son poignet."* 

^*Garengeot, Trait6 des Operat. Sec. p. 373, et scq. It may 
be obsenred) that Garengeot does Hot relate this fact to support any 
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fhe apituHbti df atttiiutaticJti a kttifciedtt ftixist dko 
fme affoMed iharty in^tanc^S 6f the Stlppfession bif 
hembrrhagte in tfie Huittati ssltibjelct by the natural 
Itteans aided only by geftde pressure;* for Wt find it 
mentioned as one of thef pf ihOipal advantages of that 
operation, that the application of a ligature oa the ar- 
teries is avoided by it; and Mons.. de la I^aye, in his 
ih^moir on that operation, after enumef^tihg the ad- 
Vafttagc^ which had been itwputed ta it, skyst " t)e tei 
** six avantages dont je viens de faife renurjciemioti, 
^^jeti'eii rdconndis que qtiatre Veritablesj s^aVbif, li 
^* proitiptitude de la gu6rison, k cause que rfexfblia- 
** tidtt des OS lie se fait point; la fechit6 d^apfrliqder 
** une jatnbe de bois; IHnutiRte de k RgatUfe et des 
*' (tsiringtnt^ aux quels le tarhbeau mppUe^^^ 

And Garehgebt speakifig 6^ thisi dp^rdtidn^ sdys, 
** Cueist dans cette sortfe d'amput^tidft oil le tdtirtiiqiiet 
^* est tr^s utile, pmque les iidi^^edUX Hi iWII pd6 liSsj 
** et H^ont pout empicher te sang de i'^epanehet ^Ue la 
" dompressioti dii lamhedUj compressioti qUi est irtfi- 
** himent au dessus de tous les autf 6s ititiyens cJbmtnc 
** nous PaVbns Vii^ daiis l^artibte ptec6deht,*' i. t. iii 
the case which hasb^en jiist Rubied froth hiiii^ 

particular opihion Mrhich h^ R^d iViih t'bgai'd 16 thc^ nidtn^ itienfis 
hf which hetn<>rrhag^ U suppressed; it is a tilert dl|;t^silbA itilA 
chapter on Amputationi^ and, £rom the maimer in whkh be specdts 
of it, it is evident that he had nothing^ more in view than simply to 
detail the fact, and avail himself of the practical inferences to be 
drawn from it: thus he says, « Cette exp6r]ence qU6 Ic hasard 
« m'a fourni plut6t ^ue l^hftbilit6 et la rdQeetioh, m'tt beautbup 
« servi dans la pratique de la Chirurgie/' Ibid. 

• See upte B. * 

t Mem. de FAcadi de la Clsnirgie^ ftro edit tai. V. f* 913. 
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All the quotations that appear m this section are to 
be considered solely in reference to the natural means 
of suppressing hemorrhage; for at present nature b 
my theme, and not art. Let not then my silence, as 
to the practical opinions advanced in these quotations, 
be misunderstood into an acquiescence with them. 
When I undertake to slloWthe j^liUciple on which the 
ligature acts, it will be quite manifest, that, in every 
cas^ admitting of its applicsttioft, it is abttndttnlly sH^ 
perior to every other means which art can use to 
bring the artery into that precise c<HidiU(»), under 
which the natnnd process, that effects the permanent 
suppression of hemorrhage, can most certainly, most 
speedily, and most securriy^ take place. 



S6 



CHAPTER II. 

ON Tm MEAH8 WHICH NATURE EMPLOYS FOR SUPPR£SSIN(^ 
THE HEMORRHAGE FROM PUNCTURED OR PARTIAl,LY DIVI- 
DED ARTERIES; AND ON THE PROCESS OF REPARATION 
WHICH TAKES PLACE IN THOSE ARTERIES. 



SECTION I. 

It appears to have been a fact soon established in 
snrgery, that the suppression of hemorrhage by the 
natural means is much more readily £Uid effectually 
accomplished^ when an artery is completely divided, 
than when it is merely punctured or partially divided; 
for a complete division of a wounded artery was one 
of the means used by the ancients* to put an end to 
the hemorrhage from it. 

Having already considered that state of a bleeding 
artery which appears the most simple, gr the process 
which nature employs for suppressing the hemorrhage 

• Sec Note B. 
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from divided arteries, X shall now consider the process 
as it is performed in the case of punctured or par- 
tially divided arteries, and also the prbcess of repara- 
tion which takes place in those arteries. 

The re-union of a wounded artery is an event 
which I had been so little accustomed to think pro** 
bable, and the danger of attempting it^xre-unioa 
seemed to foe so well established by many: terrifying 
facts from practical authors, that I very much doubt 
whether I should ever have made any experiments to 
ironder them more c(Mivincing Xo myself. The follow- 
ing experiments were originally instituted, chiefly with 
a view of ascertaining the manner in which an aneu- 
rism is formed, when produced hy a puncture or 
wound. ,s 



EXPERIMENT I. 

I laid bare the carotid artery of a horse with as little 
injury to its sheath as possible, passed a piece of twine 
under it, sewed up the integuments, drew out the 
artery between two of the- sutures by means. of the 
twine, and made a longitudinal wound in it with a 
lancet^ and, immediaitely withdrawing the twine, al- 
lowed the artery to return to its place. The animal 
had not lost more than two pounds of blood, at a very 
moderate rate, when the hemorrhage, ceased . com* 
pletely. He was killed in the usual laanner by the 
abughterer. 



On ^ximinfaig (he fMts immcdktdj after dtatfi^ I 
fimnd a smail qinptity of coagulated blood betweoi 
the integumenls and muscles; and next to ^is, a cir- 
cumscribed portioa of oeagulaced Upod over the part 
of the artery which had been operated on, nearly sur- 
raunded by a portion of loose lymf^, which appeared 
to have been separated from the red partides of die 
Mood in the uaual maimer. Ondissectiag off a por- 
tfon of mu4^ which lay over the aKery, I found its 
rfieatli Allied) t0 some distance above and beloiv the 
Wounded part, with coagulated Mood, which was al* 
most oovnpletely confined between the artery and its 
€flieath» the mirMunding cdHuiar membnuie having 
scarcely any in it. Tliat part of the shei^ tlmuigb 
Which the artery Jiad been wounded, seemed rather 
more distended, and was more prominent than any 
other part; but no wound could be traced in it. See 
plate IV. fig. 1. 

- Oncutting open the artery at its posterior part,the 
etnoumscribed af^fnearanoeitf the effused hlecxl betwoni 
the aiiery and its edieatb was particularly remarkable* 
The wound was seen a fittk below a coHoteral branch, 
hairing its*edge8 red and in perfect jocMact: it aba 
appeaned very ijimcii ^smadler duai I espec^ted, coitfi* 
d^ong die iex4»Rt :to iwhich Iliad passed the lancet, it 
"^/m probsAdy owing to ihe si}aaUness4>fithe wound la 
the arteiy, aad4;heMry «alow escape of the blood, :diat 
its eictravasatiiii ^mia so eonpiloidy ^sonfined to tie 
sheath of the artery, particularl}' as, from ks 9)Mh 
tion, it found a ready passage through the wound^ in 
the integuments. See plate IV. fig. 2. 
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A very small incision being made through the inte- 
guments^ immediately over the carotid artery of a 
horse, it was continued directly down to the artery, in 
as narrow a space as possible. As soon as the sheath 
of the artery appeared, I introduced my finger into 
the wound, and keeping it on the ^ery, passed a lancet 
down by the side pf it, and made an oblique wound, 
approaching nearer to a transverse than longitudinal 
direction, through the sheath and artery; the blood 
imn^ediately flowed in a full stream, and I proceeded 
to sew up the external wound, which was soon ^ccom* 
plished, as it was very small. The horse was very 
restless, turning his head in various directions, whi(^ 
accelerated and kept up the hemorrhage with different 
degrees of rapidity for a great length of time. An 
hour after the operation the blood still continued to 
trickle down his neck very rapidly. At length how- 
ever the hemorrhage ceased, and the animal w^s al- 
lowed to live twenty-four hours after the experiment, 
Ob examining the parts, we found a small coagulum 
of blood between the integuments and muscles. There 
was a considerable effusion of blood in the cellular 
niend>rane between the muscles, and in that which 
surrounded the artery. On the external surface of the 
artery, froth the posterior point of the wpund whiph 
had been made ki it, there was a rounded column of 
fymph of a brown cdbur, which not only pompletely 
covered the wound in the artery, but some space 
around it, and, extending upwards from the artery, 

O 
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formed the surface of the external wound. The 
column of lymph was surrounded on all sides by cel- 
lular membrane filled with^ black coagulated blood. 
The center of its surface had a dark appearance, about 
two lines in breadth and one third of an inch long. See 
plate V. fig. 1. 

On cutting open the artery at its posterior part, wc 
found its sheath very much distended with lymph, for 
the space of more than an inch by the side of the 
wound in the artery. The wound appeared to have 
been made just below a collateral branch, and to be 
nearly of a semilunar form; its edges were united by 
an intervening portion of lymph, which not only ad- 
hered to them, but seemed to have been efifused from 
them, and did not project within the canal of the ar- 
tery so as to interfere with the passage of the blood 
through it. See plate V. fig. 2. 



EXPERIMENT ffl. 

The brachial artery of a stout dog was laid bare as 
high up as it could be got at, an aneurism needle 
passed under it, and the external wound sewed up. 
A needle was then passed through the artery so as to 
take up about one third of it, which portion being cut 
through with a scalpel, the aneurism needle was with- 
drawn, and the artery allowed to resume its former 
situation. A very profuse hemorrhage followed, but 
soon ceased after the integuments became distended 
with blood. 
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The dog was killed and examined forty hours after 
the operation. The integuments remained closed by 
the sutures, but were much distended, and on. cutting 
them open, the wound was found to be full of coagu- 
lated blood, with which the cellular membrane con- 
necting the contiguous muscles was also filled.. On 
removing the blood from the wound, we found that 
its surface was formed by a thick layer of smooth 
lymph, which completely covered the artery. On 
cutting open the posterior part of the artery, the. 
wound was distinctly seen plugged up with lymph, 
which adhered all round to its edges, projected a little 
within the canal of the vessel, and was gradually lost 
externally in the surrounding lymph. The artery 
was a little contracted at the wounded part. 



EXPERIMENT IV. 

I made an incision over the humeral artery of a 
horse as high up as I could get at it,* taking care not 
to open its sheath; and as soon as I could fairly feel 
the artery, I sewed up the external wound, which 
was rather extensive, passed my finger into the 
wound between two of the sutures, and kept it on 
the artery until I had passed a lancet, and made 
a considerable wound in it. The blood flowed in 
so large a stream that I conceived it impossible the 

♦ This was the only horse that would allow me to perform on 
his humeral artery; with almost all the others I lost much time 
in making the attempt, and with some of them found it very dan- 
gerous. 
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animal could live long. After it had continued to flow 
thus profusely for nearly ten minutesi I found that the 
integuments afforded but little resistance to the escape 
of the bloody in consequence of the principal sutures 
being placed at a great distance from each other to al- 
low of my getting at the vessel after the wound was 
sewed up. I was induced to compensate for the effect^ 
which the integuments properly sewed up would have 
had, by applying a piece of coarse doth over the 
wound, and once iround the limb: k was the cmJjt 
thing at hand, and was not large enough 1x> pass 
oftener round tl^e limb. The blood however conttnued 
to flow^ though in a diminished stream^ and after 
some time I left the. animal bleeding. The day foU 
lowing I was certainly astonished to find the horse 
alive,, eating sparingly, but excessively thirsty. He 
went on vefy well, having no return of hemorrhage; 
and five days after the experiment had been per- 
formed, he was killed in the usual manner. On 
laying open the wound, a small quantity of pus and 
some coagulated hlood were found in it; its surface 
was formed by a very thick layer of coagulated lymph, 
which had a granulated appearance, and completely 
excluded the artery from tfie external wound. 15ec 
plate V!. 

On cutting open the artery at its posterior part, the 
cellular membrane surrounding ihe wounded part was 
filled and indurated with effused lymph. Within the 
canal of the artery thete was ^o a very considerate 
and extensive effusion of lymi^, which however 4id 
not appear to have obstructed it completely, because 
there was no coagulum of blood formed on either side 
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of the Ijm^h, akhou^ there was no coUateral faraadi 
to interfere wUh its formation; and a probe passed 
very readUy between one of the septa of the lyn^^ 
and the aneiy. See plate VII. 



BXPERIMfiNT V. 

I exposed about an inch and a half of the carotid 
artery of a dog, and, proceeding as in Experiment I. 
made an oblique wound in it; the blood flowed very 
freely for some time, but at length a thrombus formed, 
and the hemorrhage ceased. The day foUowii^ t 
found, that the aamal had got the sutures out of the 
integuments^ and the wound waseompletely opeq. 

jEight days afber the experiment the animal was till- 
ed; and the wounded carotid injected from the aorta* 
The external wound was still open, and its cavity large 
enough to receive a fitU sized Spanish chesnux. The 
6ur&ce of its cavii^ was formed by a smooth vascubr 
layer of Jymph, lubricated with very i^UukjOus pui;, 
and having rather a dark appear^mcejust over that part 
of the artery which had been wounded, prohaUy m 
consequence of some blood which had rheen effiised at 
the tune ef the experiment; or the effused lymph 43fiay 
have been mixed with some of the blood which ia^ 
about the part* The artery was sox^ompL^ely covened 
with the lymph that U could not be seen in the wound. 
ScepiateVHL fig- L 

On examining the |K)sterior part of .the artery, ^ 
injection wasfound tohave^pasaed completely aiHiMm- 
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formly through every part of its canal, without ap- 
pearing to have met with any obstruction. On each 
side of the wounded part of die artery, and to some 
extent above and below, there was a considerable ef- 
fusion of lymph, which nearly covered its posterior 
surface, and adhered firmly to its sides. See plate VIIL 
fig. 2. 



EXPERIMENT VI. 

The carotid artery of a dog was laid bare, and a 
longitudinal wound made in it with a lancet, with- 
out removing it at all from its situation or surrounding 
attachments; a profuse hemorrhage followed; the in- 
teguments were sewed up as quickly as possible, and 
soon after they were found distended with blood, and 
the hemorrhage ceased. 

Nine days after this experiment the animal was 
killed, and on examining the parts, the external wound 
was found to be very nearly healed. Its surface was 
formed by a vascular layer of lymph. The artery 
was injected from the aorta, and the injection passed 
very readily through it. As it had been wounded an- 
teriorly, I cut open its posterior part, immediately op- 
posite to the wound. The canal of the artery, and the 
injection, were very slightly narrowed just at this 
part; the coats of the artery, and the surrounding 
cellular membrane, were very much thickened. On 
picking away the portion of injection which passed 
through this part of the artery, the longitudinal wound 
was seen to be completely cicatrized. There was a 
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collateral bnmch filled with injection on one side of it, 
and on the other a very thin lamina of lymph adher- 
ing, to the internal surface of the artery. See plate V^ 
fig- 3. 



EXPERIMENT Vll. 

The femoral artery of a dog was exposed, and a 
considerable transverse wound made in it with a scal- 
pel; a rapid and profuse hemorrhage immediately fol- 
lowed, and the external wound was sewed up as spee- 
dily as possible. In this instance also the artery was 
not drawn out of its situation, nor detached from the 
surrounding parts. ' 

Eleven days after the experiment, the animal was 
killed. The external wound was almost healed. On 
dilating tl^e integuments, I foundthe wound filled with 
lymph,/ which had a very vascular appearance. On 
cqtting through this lymph I found it very thick, 
hard, and firmly attached to the artery to a consi- 
derable extent. The artery had been injected, and 
the injection appeared to pass very readily through it. 
On cutting open the posterior part of the artery, 
there appeared a band of lymph, adhering firmly to 
its internal surface, and extending almost round 
it:- there was a very small space which was free 
firom it; but in the entire state of the artery this space 
must have been so close to the coagulum as to have 
allowed very little, if any, blood to pass between them. 
From the center of this transverse band or coagulum 
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oilyrn^ there was a small conical portion profccting 
in tbe upper part of the canal, and a long incgohtfr 
tapering portion hanging in the iitft^rior pwt of it. It 
also appeared that the wound had been made just 
above a small collateral branch. All the collateral 
branches were filled with inje<:tion, a thread-like por- 
tion of which had insinuated itself between the coa- 
gulum and the side of the artery at the above men- 
tioned point; but it appears much more probable that 
the cdlateral branches below thecoagulum were filled 
by anastomosis than by this extremely small channel. 
The cellular membrane on each side of the wounded 
artery was very much thickened with lymph. See 
plate V. fig. 4. 

The hemorrhage produced from the artery of this 
dog was so profuse as to render him extremely faint^ 
and reduce his strength very much; at least I conclude 
so, from not having observed him move his hind legs 
for three days. When his food was carrie^l to him he 
raised himself on his forelegs, ate it, and lay down 
again. It was probably owing to this circumstance, 
that he never had any return of hemorrhage; for the 
wound was certainly large enough to afford reason 
to expect it. 



BXPBRIMENT Vm. 

The carotid artery of a dog being exposed, and 
ti>eated as in Experiment I. a moderate transverse 
wound was made in it with a scalpel; the woiind im- 
mediately assumed a circular appearance, and the 
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l)iff(ti ^Mf)q4 wy ftecty Srovfi i^ but nftiw « silu^ 
^is the int^^ung^ts t)ccw^ d^tended with bloot!* 
^d 1^9 hemoniii^^ ceased. Efghteen days after ^ 
i^^runent the aoimal was killed. The external 
WPlind w^ cflmpl^^ly he^^,. aftd a hard lump w^s 
Mt «9der thfjpi. On cutting thrp^gh &e integu- 
4ne|itS| we found a circumscribed, hard, oviform* 
pc^qn of coagulate blood> lying immediately ov€;r 
(he wounded part pf.the ^J^rtery, ^nd confined by a cyst 
.which ^here4 tp it ^d the surrounding parts: the 
P9r vag^iu w#s turped put of its direct arid natun^l 
CPUrse: the other p^rt^ about this m^sfs had a perlectHy 
natural appearance. See pls^te IV. fig. 3. 

On quttiiig open the posterior p^rt of the artery, its 
Qipal was fi^und cpmpletely pervious throughout* Th^c 
wound in the artery preserved its c^igipal circular ap- 
pearance, and was covered with the portion^ of coagu- 
\^%e^ blood bc£^e noticed. This coagulum adhered 
slightly to the edges, of t^e wound ip the artery^ bnt 
Af^ ^t all tq the cyst that cppt^ne^ it; peither did |t 
#11 up the wound so as to b^ on a level with the inter- 
m^ suria^ pf the artery. See j^ate IV. fig, 4, 

EXPERIMENT IX. 

I btidbsHTe ^e^&mpr;^ artj^fy of a dag> fffitA made a 
very coo^idi^r^fcAe oblique wound in it, proceedmg as 
m £iipenment UL A very profose hemprrfaage en- 
sued, but it eeasi^d dftei the animal had become ex^ 
troneLy fidnt. I>uring the remainder of thb and tbe 
ibUonang ^r he lay ^ont^iu^y in one place^.raisii^ 

F 
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only his fore legs when his food was carried to him; 
and during this period he had no return of hemor- 
rhage. But on th^ following morning he began to 
move ^bout and seemed very sprightly; and on visit- 
ing him a few hours ^fter I found the wound bleeding 
very rapidly. There can be little doubt thatt this 
hemorrhage was brought on by his exertions. In a 
very short time he appeared extremely languid, and 
would neither eat nor drink. l$ome hours fSttr^ I 
found him lying in the same position, and very much 
daubed with blood; a sure sign of extreme debility, 
as these animals always lick away the blood which 
flows, as long as they are able. 

The day following he bled again, after which tre- 
mor came on, and he died eighty hours after the ex- . 
periment had been performed. 

Dissection. The integuments were still closed by 
the sutures, and the wound contained a very large 
quantity of coagulated blood. The cellular membrane 
between the muscles throughout the limb Was filled 
with blood. On removing the coagulated blood from 
the wound, we found its surface formed by a thick 
layer of lymph, at the superior part of which there 
appeared alittle mammillary projection, and just under 
It the lymph was cracked. On laying bare the poste- 
rior port of the vessel, we found a considerable effusion 
of lymj^ between it and its sheath to the extent of at 
least an inch. On cutting open the artery at the back 
part, tiie wound which had been made in it was seen 
.to be entirely healed, except at one point; it was g£ 
an irregular, somewhat curved figure, and had a dark 
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red gdaHnous appearance: through the part which 
was not united, or which probably had been torn 
si^under after having been-umted, a bristle could rea- 
dily be passed, and . it made its appearance in the 
cavity of the external wound, immediately under the 
Httk mammiUary process, and through the aperture 
already described. The coats of the artery were very 
much thickened about the wounded part. 



EXPERIMENT X. 

The brachial artery of a dog was cut through, in 
the usual manner,' as high up as it could be got at, and 
to the extent of nearly half its circumference. The 
artery bled very profusely for some time, but the ani- 
mal becoming extremely faint, and the integuments 
distended with blood, it at length ceased; the day fol- 
lowing, however, it returned in c<wiscquence of his 
moving about; it returned also twice after this; and 
on the beginning of the sixth day after the experiment 
he died of hemorrhage. On examining the parts, the 
sutures were found in the integuments, which were dis- 
tended vidth a large clot of blood; on removing this 
we found a surface formed of a thick vascular layer of 
lymph. At the bottom of the cavity of the wound 
there appeared a small projecting mammiUary process, 
detached from the rest of the sur&ce of the wound 
almost all round its circumference. On cutting open 
flic posteriorpart of the arteryf a large and almost cir- 
cular opening was seen in it; in short, the internal aper- 
ture corresponded exactly with that which had b^en 
observed externally round the mammiUary process.. 
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The mterni edge^of tbe vrounA wcte tetf dit^aMfrdm 
Mch o^ier, but tbey were covered with fym^h^ and 
seemed to have been torn from the sides ef the mum- 
mMary process excepi at cme point, si€ whteb the adhe- 
sktti was stitt complete^ anil the k^nisd siirfec^' of the 
process corresponded exactly wkh the ceMer of the 
wound* From the appearsmces i» this dissectibn tJtHSft 
could be no doubt t^t the repapdUioff i^t^ wound in 
tfie artery was going on in the usual way, but in con- 
sequence of some exertion while the lymph was yet in 
a delicate and tender state, it had been torn tb-ough, 
apd had afforded an outlet for the secondary liemor- 
rhages which ensued* 

EiPlERlMEKT Si. 

Half Ihetircumfereiiceof the femoitai artfa^ of si 
dog was diyided in the manner related; in Expert- 
ihent lU; the bloodr flowed from) it in a Ihrge: and; 
mpidi stream^ tvhich after some time ceased,, biit left- 
the animal extremely languid. He iitras so; iuH^ny in- 
deed even ferocious, diat I. couldi not examine him 
properly every day, but I frequentfy observed sihali' 
quairtiues of fresh bldod in his keimd; 

Fpur days after Ae experiment I had:him out,, but: 
this, although done without any stiiigglin^ bj^ thd 
man whd managed him for me^ iinmediately produced^ 
a return of hemoniiage, which hbwever^. by allowing 
him to remain quiet j was soon stopped. &n the Sth* 
and 6th days I again observed a little fresh Mood oir 
the straw in his kennel; but i» kept Jiimselfie^tremel^ 
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$tiU^ fyiffg ahifiMlit crni^mty in the sstate j^cerj dfid 
I irtrv6r afttstwards obBefved aA^ oii»r sign of a retimr 
of hemorrhage. 

Tt^emjr^wb' days after this^ ei^erhnefitv htf dieiA 
ki coivd&qiience of another whidh I faa^ perforftiiid M 
lam. On examination #e found tte interments' ad-* 
herk^ to the sMsjaoint peLttSy and Ae exterhal vf^otAid 
about the size of a eoihmoii pea-issue, and covered 
with a dark ptrhiknt matter. On Wi|HS% hvrtty the 
discharge I found that more could be pressed otit; 
and on exarUifiing carefu%, a skftus appeared, extend* 
ing from the Ivbund^ ddwn to the artery. The sinus 
was linpd with coaguiable lymph, and on dilating the 
wound, which had he^A very ditp^, it appdared to 
have been filled up with lymph, which covered the 
artery and adhered firmly to it. After dissecting out 
the artery with a corisiderable portion of the surround- 
ing, parts, and laying, bare its posterior part^ a bristle 
was passed' into the upper part; and after putting 
it in different directions without using any force it was 
at last seen at the bottom of the sinus. It was then 
introduced into the inferior part of the artery^ but | 
oould not detect any communication between it and 
the smusi The integuments, &c; being then carefuUyr 
dissected froni the anterior part of the artery^ it wa*^ 
immediately very evident that the artery was separated 
into two portions, the extremities of which were at 
least half an inch distant from each other. On pass* 
ing' the bristle again into the upper portion of the 
artery,. I was able to discover a very small spa^e^ at 
which the artery did not adhere to an irreg^tlarly^ 
formed coagulum that was turned a little on one side^ 
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but lay about twa lines' breadth vnlinn the month of 
the vessel, and projected about four lines beyond it. 

The extremity of the inferior portion of the artery 
was strongly contracted around a white coagulum, 
which adhered firmly to its internal surface. Within 
the cavity of this portion of the artery there was a 
cylindrical coagulum of blood, which did not adhere 
to any part of the internal surface of the vessel, but 
was attached to the white coagulum that shut up its 
mouth; and a line of distinction between these coaguta 
was evident at the point of their union. There was a 
considerable quantity of lymph effused by the sides of 
each portion of the artery, and its surface was re- 
mBxisJolly uneven. See plate IX. 



EXPBRIMENT Xll. 

The femoral artery of a large dog was cut through 
in the usual manner, to the extent of fully half its 
circumference, the external wound having been first 
sewed up. A very considerable hemorrhage ensued, 
but, after producing the usual effects, it ceased. The 
ainimal lay very quiet for three days, during which . I 
had no opportunity of observing any signs of hemor- 
rhage; but when I visited him, I almost always found 
him licking the wound, which appeared to be much 
distended with blood. On the fourth day I found him 
standing up, and fresh blood was dropping from the 
wound. The day following I noticed that he had 
pulled away the sutures, three coagula of blood were 
found in the vessel in which his food had been given 



103 

to him, a small quantity of recent blood was observed 
on his straw/ an<d blood was. slowly trickling over his 
wound. 

On the twelfth day 1 6ad him taken out to examine 
the wound particularly; and in doing this a ^mall coa- 
gulum of blood which it contained, for the wound 
was very deep, was forced oiit, and the blood infime- 
diately followed, but by no means rapidly; by allow- 
ing him to remain quiet, it soon ceased. 

On the fourteenth day, hemorrhage was again 
brought on by 'merely allowing him to walk gently out 

of his kennel. 

* 

On the nineteenth day, slight hemorrhage was twice 
brought on by the same exertion as on die fourteenth. 

Twenty-fourth day. Between this and the nine- 
teenth slight hemorrhage had frequently been induced, 
by allowing him to walk about the yard. For several 
days previous to the twcnty-fourth I had observed the 
mouth of the wound very much contracted, and a large 
black coagulum within its cavity. Slight hemo/thage 
was brought on again on this day^by allowing him to 
walk about; and in the evening, in consequence of 
an extraordinary exertion which he made to run up a* 
few steps, two coagula, one very large, were expelled 
from the wound; profuse and repeated hemorrhages 
followed their expulsion, and he died in the afternoon 
of the day following, which was the twenty-fifth after 
the experiment. 



j:p?€ait ujoagHlypi of Wpo4, 9f ^hP ^^^ of » hen's ?gg. 
On turning Out this clot the surface of the wound, 
consisting of a thick layer of vascular Ijrmph, came into 
^iftW, At th*: uppfer md IpWfr.parf Qf it tb^re were 
tmn «»9U fioagul^ Qf blood $ti]l ^tiokifig ^n it; wd qh 
wany pwts qf it <hwe were 4§vf ral ^m^l p^nduilQUf 
pQCti$yi§ of ly>mph, tvfo of which, ^t ^^ upp§r part, 
WfiFP very i??Plwk^ble» P«^ prpj^atcd consideraWy IP 
the wound, and h^d 4n irregular s^rfcce, w^U^ the 
other surrounded about half of its circumference, and 
had a semiluq^r figure and smooth surface, but did not 
adhose to the former. Pressure being' made over the 
superior part of the artery, a small quantity of fluid 
blood issued from the wound, and just between the 
two oeagub described at it^ upper part. A bristle 
being passed into the artery, just under Poupart's 
ligament, made its appearance within the wound, 
through the same orifice from which the blood had 
(lowed. On exposing the posterior part of the artery, 
it was evidently separated into two distinct portions, 
connected to each other by a band of lymph extend- 
ing from the extremity of one portion to the other: 
this band had no doubt been formed by lymph ef- 
fused into the posterior part of the sheath. On cutting 
open the superior portion of the artery, we found that 
it was gradually more and more contracted, as we ap- 
proached its extremity, and that its mouth wias in some 
degree shut up by a small white coagulum, which ad- 
hcrcd very firmty to its internal surface. Between 
this coagulum and the anterior parietes of the artery, 
the head of a very small probe was passed^ and 
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tbeti 2qppea»«din die dxtemd wound under the semi- 
hxtaaf Band of lyntiiiiha Ih' &is portion of the artei^ 
P otisi^rv^d,' for the first and only time, a small loni> 
giludi&al fold on its internal surface, extending fiK)m^ 
the esttremfty about an inch upth^ canal (tf the vessel,, 
and resembling, what Morand has delineated, and 
called the " froncement" of the artery; with this differ- 
drice,^ hoWev^, that in thik artery there was but one 
fiild^ whereas Hq has represented severalv 

The inferior portion ctf the artery terminated in a 
cone, the ipex of which was formed by the extremity 
<^ tlie artery closely contracted around a coagulum of 
lymjilr, which adhered kithnately to its< intern^ sur£u:e* 
Both e^treiMties of the artery w^e surrounded with 
fympby and the cellular ihembrane about them was 
fflted With it to a consid)6rd9le extern. See plaie X. 



EXPERIMENT XUI. 

Th6 ferfiortl stttery of i large dog was; kid bare, 
Hid a teitacuhim b^ing'then pa^ed through the artery, 
fa^tr niorei th^A one half of it was cut through. The 
other steps of the operation were after the manner of 
Experiment I.; but not one drop of blood followed. I 
visited the do^ half an houf afterwards, but could not 
^i*ceiv(4 itty hfemort-hage: he Was lying very quiet. 
Two days stfter, taking him out of his kennel to per- 
fbhti anbtfaer ekptfritheht on hiiii, We found that the 
iiltegtimehts ah^uhd die wound wer6 smeared with 
blood to the exteht of about two inches in circumfer- 

Q 
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cnce. Before he was removed from the table about 
two table spoonfuls of fresh blood had escaped from 
the wound; but there was no appearance of thrombus 
or distention of the integuments, and the discharge of 
blood had completely ceased; nor did I observe any 
return of hemorrhage from this wound. 

Twenty-si3t days after the experiment the animal 
was killed, and on examining the limb on which it 
had been performed, the external wound was found to 
be completely healed, and there was no protuberance 
or tumor at the part. On dilating the integuments 
over the wounded part, the cellular membrane appeared 
filled with lymph, and was hard and gristly: this state 
of the cellular membrane was continued down to the 
artery, to which it adhered very firmly: on dissect- 
ing it off, the artery was found separated into two 
portions, the extremities of which were about one 
third of an inch distant from each other; each ex- 
tremity terminated in a conical point: on cutting open 
both portions their canals were very much contracted 
to the extent of at least an inch from their extremi- 
ties, each of which was filled up by a small coagu- 
lum of lymph, that adhered firmly all round to the in- 
ternal surface of the artery. 

It was this experiment which induced me to give 
up using a ligature for drawing out the arteries, and 
to substitute for it the aneurism needle. The ligature 
always appeared to alter the form of the artery more 
* than the needle; and it is probable that in this in- 
stance in particular it had twisted the artery in the 
act of withdrawing it. 
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EXPERIMENT XIV. 



I dissected down to the brachial artery of a large 
dogy and punctured it without removing it from its 
situation; the blood flowed very rapidly, and the 
wound was sewed up a$ quickly as possible: the ani- 
mal lost a considerable quantity of blood, and ap- 
peared very faint before the hemorrhage ceased. The 
artery was punctured as high up as it could be con- 
veniently got at. 

Thirty days after the experiment the animal was 
killed, and the head and fore-legs injected from the 
aorta. On dissecting the axillary and brachial arteries 
of each extremity not the slightest diflference could 
be perceived in them: the injection had passed uni- 
formly through each, so that it was impossible, on exa- 
mining them, to say which had been punctured. The 
cellular membrane, however, about that which had 
been wounded, was still somewhat thickened and har- 
dened with lymph, and adhered more firmly about the 
artery; but it was by no means difficult to dissect it 
from the artery, and then there was no difference to 
be observed between it and the artery which had not 
been operated on. 

EXPERIMENT XV. 

I felt the left femoral artery of a dog pulsating 
very distinctly just under Poupart's ligament, and 
made an oblique puncture with a lancet sufficfently 
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deep to wound the artery; a very considerable dis- 
charge of florid blood immediately followed, a large 
thrombus was formed, and in about ten minutes the 
blood ceased ito ifiow. T^vo days ,»fter, ^tl^e .ftipor 
formed by: the cffused.Wftod^siV^yijftUchj^ 
ed; and the ijategumentsov^rttbe^wl^oler^f the iipp^ 
jMurt of the: liiob, and wid«r, tfep /^Hjow^r W.^re,^?^ 
discoloured. 

E^hteen days.aft^r tj^ ^(xperiiflait,, the Un^ ImV^ 
perfectly recovered its natural appearapCi^K^4w>..4^ 
ference being perceptible between the pulsation of its 
iirtery laad that. of the r^ht jleg,|I f^i^av/^rpd to 
:punoture : the artery of the i^jl^er jin. jdie fsaj^^ nffn^ff^r 
as I had done the fprm^A A;veiy cpn3j4fi?!^tiic ifei^- 
monrhagc ensued; hut the col^r ofjl^e; b^d,4id q/^t 
•iq)pear::quite.&a£odd as^jin ^eforii^i^ipjBylapit^; ijjp 
'hemocrhagcy however, jtras^jn^e pr()fu^,(|ug^ ^^^WBSfi 
in ithemsuaL .manner. 

The limb* went through ;the janaeql^uig^s.^.tl^ 

Jeftil^ dQae,;andas,it W;as-ne3rly4n its ipitural sta^e 

:Jhirtefin days:ftftei!,theexpci;inicnit, I jp^de.gn inpfeiqn 

cjthrough^b^ integuments ai^d ii^Hular menibi^e gf^t 

AVfhiuh h^ ! been , first . pperat?d ,pp, ,u e., thcl^ft;, ^ijd 

with a lancet made an oblique punctiire.thrp>}gh,c0|e 

fascia, and into the artery, which could be distinctly 

seen under the fascia; the integuments had been very 

much drawn aside previous to their being divided; so 

j^at^y allowii?g thejoi to slide, over the artery as foon 

^>as it .was pumcturedr and then se\(fing;thc;pi up»;^9y 

vsoon became very much distended with, blood;. .^d 

the external discharge of blood was moderate. The 



afip 

Six days after, the limb appeared getting well so 
fast that I was induced to repeat the same experiment 
on the opposite hind leg, the right, attempting only 
|^QWke,jli^ie..5?t^undin artery .some^what larger. 

£T^e 4ay, follqwi^^ I foup(d . that the ^mxo\^l , |^ad^ pvl^e4 
j9jutfhe.suti|Ves^from. th^s the poagulatf^ 

i^'opd.h^d^.qsc^^ %9i)iit,,^ .^(^t^ in. 

,^Six days^a^r^ithe^^pij^nd.ytra^Yery much conU^ctcd, 
j^ut ^e^ad^giqn^pf jl^^e, jpt^i^mc^s to jthe surface of 
the woi^d,iY^,l)y.4}c^5^s^^pp9aplete. The pu^s^ion 
of the artery, through the whole extent to which it 
i9fl«W.4>e ^t,^,^p^9^^ jesfp c^Oy^ nfttuyal. 

JE}ght4^s.^ter,tjhe l^st ^?2cpprimept qn this teg, 
Is^gf^i\ punctiurod t})e Iqft , jtlvrp^^h the intjegumeiits, 
wi^h^th^jsajpsi^^ff^ct,^ |ia^4)ejM already ^^^scrib^^ 

^T^rty sipc ,days after the first puncture .had l?een 
^]^a^e in the. femoral arte^ of this dog, he was killed, 
4^d^ the ^posterior extr^^^ties were injected ffpui tlic 



, Qn dii^ect^ng the femoml artels and their branches 

of both legs, the injection wps found to have passed 

.widiiout any interifuption uniformly through both of 

:^tfiem; no difference could be perceived between them, 

nor did eitiier of them exhibit appearspipes , differing 

from mteries ^which have never b?en operated oh, 
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except that the cellular membrane surrounding them 
was thickened, and adhered in some parts with un- 
usual firmness to die artery, 

EXPERIMENT XVI. 

I made an incision through the integuments and 
cellular membrane of the left hind leg of a dog, and 
punctured the femoral artery near Poupart's ligament 
through the fascia, which I had taken care not to 
wound previously. In this instance also the integu- 
ments had been drawn aside before they were divided, 
and by replacing them, and sewing them up, the he- 
morrhage, which was very rapid, was soon stopped, 
and the integuments were distended with blood. 

Eight days after, finding that the wound appeared 
to be going through the same process as was described 
in the preceding experiment, I repeated this experi- 
ment on the right hind leg; and the same circum^ 
stances occurred as have been described on the left. 

Five days after, the dog having allowed the su- 
tures to remain in, the external wound was nearly 
healed; and a small hard substance was felt under the 
integuments, and which seemed to lie over the artery, 
as its pulsations were very sensibly felt by keeping 
the finger on it. The wound in the left leg being 
now completely healed, and the pulsation oi the 
artery appearing every where natural, I punctured 
the femoral artery of this leg with a lancet passed 
obliquely through the integuments in the manner for- 
merly described; a profuse hemorrhage of florid blood 
ensued; to check it I tied up the puncture in the in- 
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teguments, and they were soon very much distended 
with blood. 

Two days after, the integuments on the upper part 
of the limb, and under the abdomen, were of a very 
dark colour, and, instead of the thrombus, a hard lump, 
not one sixth of its size, was now to be felt. The hard 
substance which lay over the artery of the right leg, in 
the course of a few days more, could no longer be per- 
ceived. 

Thirty-nine days after the first experiment on the 
left hind leg of this dog he was killed, and both hind 
legs were injected from the aorta. On dissecting them 
no difference could be perceived between them; nor 
did either of them exhibit any deviation from their 
natural appearance: the injection had passed uniformly 
through them without obstruction at any point. The 
cellular membrane surrounding them was thickened, 
and adhered more firmly than natural* 
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On the subject of the present, as well as tlie former 
chapter, we find ourselves under the Highest obliga- 
tions to the celebrated Mr. Petit for many, and', l! Be- 
lieve, the first accurate observations. In His third* 
Memoir* he gives the following account of the mm- 
ner in which hemorrhage from a punctured artery is 
stopped. ^^ II est meme un cas dans le quel le coiiver- 
**cle du caillot dc Partere oCiverte est si solidement 
"plac6, qu'il suffiroit seule pour arretfer rHemof- 
" rhagie; c'est lorsque le sang s'est log6 dans Fe tissu 
" cellulaire qui envdlope Partere; il est meme or<ii. 
" nadre que cela arrive ainsi toutes les tois qti6 Partere 
<< a ^t6 ouverte par un instrument piquant et trahchaiit, 
^^ tel qu'une lancette, parce que la lancette fait une 
" plus grande ouverture aux membranes de Partefe 
^* qui ont quelque solidit6, qu'elle n'en fait au tissu 
^^ cellulaire, qui n'en pent 6viter la pointe, mais qui 
*^peut eluder le tranchant par sa flexibility, et par 
" son peu d'adh6rence i la membrane exteme de 
" Partere. Or si Pouverture de Partere est plus grande 
*^ que celle du tissu cellulaire, il est claire que le sang 
** venant i sortir avec impetuosit6, se logera dans oe 
^* tissu cellulaire, et que se coagulant, il formera un 
" couvercle d'autant plus propre i retenir le bouchon 

* See Memoirs of the Academy of Sciences for 1735. 
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"qu'il scra^iiii' nleme i*e^6nii pai^Ies Aiertibranes dc 
**toutes les cellules dans les quelles il s'est engage: 
" c'est ce qui n'arrive point aux arteres entiercment 
" coup6es," This last sentence seems to have been 
introduced merely in consequence o( Petit's having 
conceived the formation of " le couvercle'^ ih the case 
of 2i completely d^ided dLticry to have been wholly iii- 
depend'erit of the cellular membrane; for he after- 
wards says in direct terms: " Que Phemorrtiagic de 
" Parte re simplement ouverte est arretSe par un caillot 
" comme celle de Partefe entierenient coup6e," 

As far as regards tiie temporary means by which 
hemorrhage from punctured or partially divided ar- 
teries is stopped, I have but little to add to the account 
which I have just quoted from Mr. Petit; the accu- 
racy of which my experiments seem to have con- 
firmed. I shall therefore only observe, that the blood" 
is effused into the cellular substance between the 
artery .and its sheath for some distance both above and 
below the wdunded part; and that when the parts are 
examined a short time after the hemorrhage has com-, 
pletely stopped, we find a stratum of coagulated blood 
between the artery and its sheath, extending froma 
few inches below the wounded part to two or three 
inches above it, and somewhat thicker or more promi- 
nent jiist over the wounded part than elsewhere; so. 
that instead of saying that the hemorrhage is stopped 
by a coagulum, which perhaps, with respect to the 
arteries, always conveys to the mind the idea bf a dis- 
tinct form, it is more correct to say, that it is stopped 
by a thick lamina of coagulated blood, which, though' 
somewhat thicker at the wounded part, is perfectly 

R 
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continuous with the coagulated blood lying between 
the artery and its sheath. See Chap. II. Exp. I. and 
plate IV. fig. 1. 

It would seem that when an artery is punctured, the 
hemorrhage which immediately follows, by filling the 
space between the artery and its sheath with blood, and 
consequently distending the sheath, alters the relative 
situation of the puncture in the sheath to that in the 
artery, so that they are not exactly opposite to each 
other; and by that means a layer of blood is confined 
by the sheath over the puncture in the artery, and by 
coagulating there prevents any further effusion of 
blood. 

But this coagulated blood, like the external coagu- 
lum of a divided artery, affords only a temporary bar- 
rier to the hemorrhage; its permanent suppression is 
effected by a process of reparation or of obliteration 
which takes place in the wounded arter}\ 

In considering these effects of a partially divided 
artery, it is of the utmost importance that we form 
clear and distinct conceptions of the nature and extent 
of the wound; for. the slightest reflection on the 
elastic and contractile properties of the coats of ar- 
teries may convince us, that longitudinal, oblique, or 
transverse incisions will differ very materially as to the 
aperture which they will make in an artery, i. e. as to 
the distance to which they will occasion the lips of the 
wound to be separated from each other. The longitu- 
dinal appears to produce the slightest possible or per- 
haps scarcely any separation;* the oblique occasions 

* Sec Note C 
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a separation proportioned to its extent; and the trans- 
verse, however small, seems to produce a circular* 
(iperture in the parietes of the artery. 

It appears from my experiments that an artery, if 
wounded only to a moderate extent, is capable of re- 
uniting and of healing so completely that after a cer- 
tain time the cicatrization cannot be discovered either 
on its internal or external surface;! and that even 
oblique and transverse wounds, when they do not 
open the artery to a greater extent than one fourth of 
its circumference, are also filled up and healed by an 
efiusion of coagulating lymph from their inflamed lips, 
so as to occasion but little or no obstruction to the 
canal of the artery .J See Experiment II. and plate V. 
fig. 1 and 2. 

It is difficult however to determine the precise ex- 
tent to which an artery may be wounded, and re- 
united, so as to preserve the continuity of its canal; 
for it would appear, that when the wound is very 
large, though not completely beyond the possibility 
of being re-united, such a quantity of coagulating 
lymph is poured out, that the canal of the yessel at 
the wounded part is more or less filled up by iu§ 
And when the wound is still larger (suppose half of 
the circumference of the artery to be cut through), 
instead of the re-union of the coats or obstruction of the 

♦ See Note D. 

' t See Experiments XIV. XV. XVI. of this chapter. 
t See note E. 
$ See Experiments IV. and VII. plate VII. and plate V. fig. 4# 
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conal,^ the strong (tendency to retract exerted by the 
^ivided parts, keeps the undivided portion constantly 
on the stretch, and it is either torn through after a 
short time as appears to have been the case in Expe- 
riment XII. plate IX. or else the irritation produced 
bv its being kept constantly on the stretch, occasion^ 
a gradual ulceration of it, by which its ppniplete di- 
vision is accomplished. See Experiment 2^111* pl^c 
X. fig. 2. - ' . 

But I shall reserve for the chapter on secondary 
hemorrhage any observations which I may have to 
make on cases of this description, and shall confine 
myself at present to a detail of the progress of those 
cases, in which re- union or filling up of the wound of 
the artery is effected. 

I have already observed, that longitudinal^ oblique, 
and even transverse wounds of small dimensions, are 
filled up with coagulating lymph, effused from the in- 
flamed edges of the wound in the artery; this lymph 
appears to be poured out very freely, not only from 
the artery, but also from the surrounding parts; and 
hence we find it accumulated around the artery, and 
particularly' over the wound, at which part it forms a 
more distinct tumor.f Vide Experiment V. pi. VIII. 
fig. 1 and 2. 

♦ Duae igitur ppUssim^ tunt i^au9« qu&u^ vubecat* suct^st 
coire prohibentur; distantia nimirum ac distractio labiorum vul- 
neris, ac motus sanguinis, ^Iternaque arteriarum systQle ac dias- 
tole: .... quamobrem aptari neqaeunt ac glutine juagi ferrumi- 
narique. Lancisius de Aneurismatib. p. 1 5, prop. 1 1 . La^^^tl^ C^enot. 

t See Notf F. 
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But, at the same time, the ;surroimding parts which 
have been exposed become inflamed, and pom* out 
lymph, so that the whole surface of the wound is 
covered by a layer of coagulated lymph, which com- 
pletely excludes the artery from the external wound.* 
This lymph granulates^ and the wound is filled up and 
healed in the usual manner. 

Finally, from my experiments it appears, that it is 
extremely difficult to produce aneurisms in dogs and 
horses by wounding their arteries. 

But since from the similarity of structure and func- 
tions of the parts in question in man and in these ani- 
mals, we are authorized to conclude that they are simi- 
larly aflPected by the same causes, or that the same 
process, subjected,* however, to many circumstances 
that interfere with its success, is attempted for the re- 
paration of wounded arteries in man as we find accom- 
plished in these animals, although the experiments have 
failed to produce aneurisms m dogs and horses; yet, 
by showing us what the process of reparation is in 
diese animals, they may enable us to explain the man- 
ner in which aneurisms are formed in man. In fact, 
tiie formation of aneurism appears to be one of the 
most common efiects of the failure of the process by 
which the artery would have been united. And from 
combining the pathological observations made on the 
human subject by writers on surgery, relating to the 
formation of aneurism, with the process of reparation 

♦ See.ExperimenU IV. and V. of this chapter; also plate VI. 
and fig. 1. of plate VIII. 
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in punctured arteries, as described above, I think it 
appears highly probable, that spurious aneurisms are 
formed, either in consequence of the lymph, which had 
been poured out for the re-union and filling up of the 
wound, being torn through by the impetus of the 
blood, soon' after the wound of the integuments had 
healed; or else by the blood striking against, and gra- 
dually dilating into an aneurismal sac, the lymph 
which had reunited the artery.* We may be better 
prepared to conceive how the former eflfect may take 
place, by reflecting a little on the consequences of 
a wound in an artery of considerable size, which we 
know to be such a profuse hemorrhage as reduces the 
force of the circulation for some time; but this di- 
minished force, together with the means usually em- 
ployed, affords an opportunity for Ae natural process 
to go on; the effusion of lymph from and about the 
wounded artery takes place, and if the wound of the 
integuments is very small it reunites; but if the effused 
lymph has not had time to acquire a sufficient degree 
of firmness before the force of the circulation returns, 
or the unfortunate patient incautipusly moves his lipib, 
it is obvious that the lymph may be torn through, just 
as we know that newly cicatrized wounds (for instance, 
the wound after the operation for the hare-lip) are 
disunited by any force which the newly effused lymj^ 
is unable to bear.f It may also be that aneurism is 
foi^med in one or the other of these modes, according 
to the extent of the wound in the artery; thus, if the 
wound has been large, the surface of lymph against 
which the blood strikes is larger and more likely to be 

♦ See not^ G. t See note H. 
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hcerated; but if small, it may escape laceration, but 
undergo gradual dilatation; and thus give rise to that 
very slow formation of aneurism which has been so 
repeatedly and universally observed.* 

If these suggestions are allowed to be at all proba- 
ble, it obviously follows, that it must be of the utmost 
importance to prevent and counteract ^s much as pos- 
sible any violence of the circulation, particularly at 
the wounded part.t Hence the approach of fever 
must be watched and moderated by means suited to the 
constitution, 8cc, of the patient: the local impulse of 
the blood may, no doubt, be diminished by topical 
bleeding and hy posture. The limb should be kept as 
completely at rest as possible, and such a degree of 
pressure made on the part as it will bear without pro- 
ducing tumefaction, or any other inconvenience; J 
and it will be necessary to continue that pressure 
for some time after the external wound has com- 
pletely healed, when it may perhaps be admissible to 
increase the pressure a little.$ But let it not be un- 
derstood that I mean to lay down this as the proper 
treatment of a wounded artery; || on the contrary, I 
am convinced, that in every case in which it can be 
done, it is best to tie the artery above and below the 
wounded part, and to divide it completely between the 
ligatures. This practice we find recommended even 
by Celsus, who says, " Quod si ilia quoque profluvio 

* Mr. J. Bell has related many cases which illustrate very strik- 
ingly this very slow formation of aneurism, although he has given 
a Afferent account of their formation. 

t See note I. \ See note J« 

§ See note K. II See note L. 



^* vinc\intur, venae, quae sangumeih ftindiinit, appre- 
" hcrtdendae, circaque id, quod ictum" est, dnobus 
** locis deligandae intercidendaeque sunt, ut et in s^ 
" ipsae coeant, et nihilominus orapraeclusa habeant."* 

It is with great pleasure that I find myself a^in 
cfnabled to bring forward the observations of Haller, in 
confirmaiticHi of those which my experiments have af- 
fi>rded me, ancj I ti:ust, it is unnecessary to apologize 
fbr the tength of a quotation fh)m subh high authority 
on so important a subject, 

" Vulneravi arteriani; liaemorrhagia maxima spissi 
"et coagulabilis sahguinis seciita. Venit is sanguis etf 
" k cordis sede, et ab ea, quae intestina proprior res- 
" piciebat. Duo contrarii turbines ibant sibi obviam, 
" et urgeb&nt se per rimam vulncris. Extra arteriam^ 
" globuli a se invicem utique divergent. "Pprro nebide^ 
^^nata est rubri cohrisj eaque ipsa paulatim'se dis- 
" sipavit, ut centrum rubore sua se distingueretj cuni 
^^ amUtus paMus esset. Eodem tempore sanguinis ar- , 
"teriosi motus lentior fuit, et denique nuUus ex vul- 
*• nere venit; qui vero in arteriis fiiit, is natwum iter 
^* tecuperaOitj hac qua dicam ratibne. Arteria in sede 
" vulneris dilatata est; fere ad duplum diametrum' 
" prions* Per eum tumorem modbunico, modotribusr 
**quatuorve per albam nebulam serpentibus filis san- 
" guis erepsit, et denique in verum fluentum,' se per 
"arteriam continuavit. ^^d etiam in venis et hodie 
" observavi et alias frequenter, duos tresve ^erpcnti- 

* Celsus de Re Med. lib. V. Cap. xxvi. 
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^^ no t(ttteti«es pfer ^bum, pelliiciduiiM}ue c«igulum 
** sibi ker fedsse, et nativum s&nguints flumen restitu- 
" iise^ neque tatneft utiquam y&re M ih loco tpi in- 
** tisus foit plenutifi sahguinis rivum reparari, etiam 
^ quando stnguinis taotixs in orbem restitns est; ffu- 
" morem Veto ^i^, yui arteriam vulnera replete ttr- 
" turn videtuTy .albums in gelatina speciem tnutatum^ , 
"jwj tirm vidnus adhare^cit. Nam abrasb arterioso 
•* venosovc Volnere, &ilt absterso, sanguis denuo ef* 
** fluit, ut icr in eidem ran4, tnque e&dein tjiis ani- 
** malis arteria id expCrimentam eod^m ifiodci evcnd^ 

These very interesting observations hot only con- 
firm the account, which has been given, of the manner 
in which heraioithage is stopped, and of the process of 
reparation whith takes place in the artery, but also 
give us very curious information with regard to th6 
m«iiler, in whlcli the restoration of the citculatioh 
through the artery is effisctcd. A^ to his having scarcely 
ever observed the stream of blood to be fully restored 
at the wounded part, it must be remembered, that he 
never examined it any length of tiihe after the expe- 
timenty but only iihmediately ftfter havitig {>erfornie<^ 
it. It appears extremely probable, that what Haller 
concdved to be a dilatation of the artery at its bounded 
part to almost twice its former diameter, was only ail 
increase of size produced at that part in ibnseejuene* 
jof the etiision of blood between the artery and its 
sheath. That Haller did not pay a due degree of at- 
tention to the arterial sheath, appears froiii the folio w- 

♦ Haller, Op. Minor. Exp. 180, p. 108. 

s 
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ing and many other passages in his Eiqierinients: 
** Globuli ex vukiere arterise inter mesenterii maxk^ 
** branas effusi celeriter attrahuntur ad parietes arte- 
*^ riarum ibique colliguntur. Opartet secundum va- 
^' sorum parietes, cellulosam telam esse, ad quam ^ 
^^ globuli sanguinis retinentur et buU» aeriae*"^ 

May it not have been from inattention to tins cir- 
cumstance, that he was so much embarrassed to ac* 
count for the motion of the blood, which had been ef- 
fused from a wounded artery or vein, and which motion 
he at last referred to a particular attraction: this at least 
appears probable from many passages in his work, but 
particularly the following: 

^^ Denuo motus fiuiditatis nescio guis^ ad p<»idu8 
^^ omnino non pertinens in globulis sanguineis ad- 
^^ paruit. Solent secundum vense incisae parietes parel- 
^* leli per ceUulosam telam invisibilem^ tapquam per 
^^ canalem^ venas^ contiguum et parellelum, globuli 
" decurrere ad utrumque venae latus.^f 

. i might quote many more of his experiments, in 
supjport of the account I have given of the manner in 
which hemorrhage is stopped, and of the ^flfects pro- 
duced on the artery. The same experiments also fre- 
quently describe tlie manner in which the circulation is 
restored in the punctured artery; but I shall content 
^lyself with referring only to a few of them.]: 

• Haller, Op. Minora, Exp. 197. p. 115. 

t Ibid.. Exp. 215. p. 119. 

\ ]f»id. Exp. 8l 170. 180. 185. 334. 
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I shall cmidude this chapter wi^ the foUatving dise 
from Petit, as a striking iUustratk>n that the same pro^ 
cess of reparation takes jdace, and taay be accom- 
I^shed, in the human subject, as that which I have 
desojbed from dogs, and horses. Immediately after 
the very accmate obserrations, which, at die beginning 
of this section, I quoted from Petit, he gives the fol- 
lowing interesting detail: 

" Ce que j^avois cru pouvoir assurer f(Mide sur la 
"seule analogic, je Tai demontr6 a I'academie le 
" Mercredi 3 Decembre, 1732; et le Samedi suivant, 
" j*y fis voir Partere du bras d'un Homme qui 6toit 
^^ mort subitement deux mois apr^ avoir 6te par- 
"feitement gu6ri de I'ouverture de cette artere; jc 
" montrai alors que les levres de la place de Partere 
"n'€toicnt, point r6unies Pune i Pautre, mais que le 
^^sang avoit 6t6 arret6 par un caillot qui bouehpit 
" rotwerturey et qui Stait adherent a toute m ctreon- 
''ference.''^ 

Petit made experiments with this artery to ascertain 
of what the coagulum consisted; and he says, that 
after soaking it two months in water, which was 
changed two or three times every day, and three years 
in brandy, " J'ai montrai que le caillot n^avoit rien 
^* perdu de sa consistance, ni de son adh6rence i 
"Pouverture de Partere, d'ou Pon pent conclure 
*' que le caillot est uhe substance analogue i celle 
** des cicatrices; c^est ce que je voulois prouver.^'f 

♦ Pedt, Memoires de PAcad. 8cc. de Tann^e 1735. 
t Ibid. 
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Fron wb»^ hn b4en alret^ Mid of tiie vunuKrA in 
wbkh wounds of arteries are Isieatod, or filled up^ it 
ia unnecessary to commeAt on this ease, k is suft^ 
ci^Qitly obvious, that m eftuston of lymf^h had taken 
plaice from tW edges of the woimd in tiie art^y, and 
hetioe the eoagnlum adhered bry iia ciranoifiDfeiiot. 
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CHAPTER UI, 



ON THE OPERATION OF THE LIGATURE; SHOWING THAT rrS 
IMMEOIATB EFHBCT IB TO mVfDE THE MmmJE ANI> INTER- 
KAl* COATS OP AN ARTERY, WHICH GIVES RISE TO THE 
ADHESIVE INFLAMMATION. 

JL he importance of investigating the immediate ef- 
fect of a ligature upon an artery, and of ascertaining the 
best means of performing that operation, as well as 
the process which results from it, is too obvious to 
stand in need of illustration. In this chapter I propose 
to confine my observations to the first of these subjects, 
leaving the others for subsequent consideration. 

From the changes which I observed in an artery 
after its complete or partial division, but particularly 
after a longitudinal wound of it, as well as its appear, 
ance after a ligature had been recently applied, I 
concluded that an artery is really cicatrized at its 
extremity ia every case wherein the application of a 
ligature has the desired effect, viz. the prevention of 
hemorrhage. ' The same thing had been asserted by 
Petit and MorAnd in direct terms, but had not been 
proved. To make this manifest I was devising an ex- 
perin^eiit in which the internal coat of an artery might 
be wounded, when my worthy and truly intelligeiit 
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friend, Mr. J. Thomscm, of Edinburgh, iitformcd me 
that in every instance in which a ligature is s^pUed 
around an artery, without including the surrouiuling 
parts, the internal coat of the artery is torn through 
by it. This gentleman, with his usual candour and 
liberality, added, that the fact had been first noticed 
by Monsieur Desault. Mr. Thomson, in the course 
of the following day, demonstrated to me on a porticm 
of artery taken from the human subject, that the in- 
ternal and middle coats are divided by the ligature. 
This was to my purpose, and gave rise to the follow- 
ing experiments, the results of which will not, I trust, 
be deemed uninteresting. 

i 
EXPERIMENT I. 

August 6, 1803. A considerable portion of the 
right carotid artery of a dog was laid bare, and three 
ligatures were applied around it, close to each other, 
so as to cover nearly a quarter of inch of the artery. 
The ligatures were drawn tight enough to cut through 
the internal and middle coats of the artery, and then, 
by means of a piece of small twine, which had been 
laid along the artery, and on which the knots of the 
ligatures had been made, were carefully removed, so 
as not at all to injure the artery. Dr. Farre, who as- 
sbted me in this experiment, and myself then observed 
the artery, until we were convinced that the circula- 
tion through it was perfectly restored; and Ae only 
extraordinary appearance which we observed on the 
artery, was a slight impression made on its external 
surface by the ligatures. The external wound wa? 
then sewed up. 
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' August 9th. The. aDimal ^ed this evening, in con- 
sequence of profuse secoiidary hemorrhage from cmc 
of his femcnral arteries, on which an experiment had 
been performed. 

Dissection. On cutting away the ligatures in $he 
int^uments covering the carotid, we found a quantity 
of thin pus in the wound, extending down to the ar- 
tery, M^iich however was covered and surrounded by a 
very thick layo* of lymph, not only at the part on which 
the ligatures had been applied, but also about an inch 
below, and an inch and a half above. In proceeding 
to cut open the artery I only expected to find its inter- 
nal and middle coat cicatrized, and its canal more or 
less completely pervious; but, to my great astonish* 
ment, it was completely obstructed and filled up with 
lymph, which not only adhered to, but appeared to 
form one substance with the parietes of the artery. 
The lymph at each of its extremities appeared rather 
of a dark red colour, in consequence of the adhesion 
of some red particles. 

In qcmsequence of my leaving Edinbuigh soon after 
this experiment had been performed, I had no oppor- 
tunity of repeating it for many months: at length, 
however, I obtained permission to perform it on a 
horse which had been sent to a slaughterer. 



EXPERIMENT H. 

January 24, 1804. The carotid arteiy of a hcH^se 
was laid bare, and four ligatures were applied around 



it) and dien remoived in the na«ner desctibed m th^ 
£r6t experiment Dr. Farre assisted me in this expe- 
riment atso< and we took cwre to be foHf conrinced 
that the circulation was complete tbrou^ the art^y 
before the external wound was sewed up. 

January 27, tl» animal was killed. The ligatuitss 
with which the integuments had been sewed up still 
secured diem; but from the depending situation of the 
parts, there was a considerable cavity between the 
integuments and muscle. There wbs a smadl quanti^ 
of pus over and behind the artery, wfaieh was WX'- 
rounded by. a very considerable effusion of lymph* 
See plate XI. On cutting q;>en the artery at its ex* 
tremity next the heart, we very soon came to a long 
eoi^ulum of blood which filled up its canal, but did 
not adhere to its internal surface: at the extremity of 
this coagulum a projecting portion of lymph coho'<^ 
and indented it: continuing to cut open the artery, 
the projecting lymph was only the extremity of a pcM-- 
tion, which completely filled up its canal^ for the 
space of about half an inch, and adhered so intimately 
to the internal surface of the artery, as to form but 
/one substance with it: thss lymph had on its surfi^^ 
four transverse lines^ which seemed to mark where the 
ligatures had b«n applied. The odier extremity of 
the lymph, or that next the head, also projected a lit* 
tic beyond the part at which it adhered to the internal 
surface of the artery: attached to this lymph we found 
a very long coagulum of blood, which appeared to 
fill up the cai^d of the artery, butdid not adhere to 
its internal surface. See plate ^L 
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Having observed such extensive obstruction in the 
canal of the artery by the application of three ligatures 
in the dog, and of four i» the horse, I ivished next to 
ascertain what number of ligatures were sufficient to 
produce a complete obstruction, and therefore began 
by trying a single ligature. 



EXPERIMENT m. ^ :. 

January 25th, 1804. A small portion of the carotid 
artery of a horse was laid bare, and tied with a single 
ligature. The ligature was then removed, as in the 
former experiment, and, the circulation being restored^ 
the external wound was sewed up. 

January the 28th, the animal was killed. There was a 
small cavity between the integuments and muscles, 
owing to the depending position of the parts, and no 
means having been used to keep them in contact. 
There was a little pus in the cavity, and a very little 
behind and albout the artery, which was covered with 
coagulable lymph. . The sides of the artery being mi- 
nutely examined, to account for the formation of this 
pus, a loose portion of the ligature, was found in the 
pus. The ligature had been mflde of several threads, 
and in cutting it away, one of these had been detached 
and left behuid. This led me to examine the parts 
around the artery, on which the second experiment 
had been performed, and about which pus had also 
been found. 1 there discovered a similar loose por- 
tion of the li^ture. To guard against this accident 

T 
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19 future^ I det^rmiffed to u/ie a ^o# oC firm sQall 
\w\a^. On Q^tting open the artery^ we found a aeptmn 
9f lymph standing across its cs^^, aBd firmly adhe^ 
^ipg to its internal surface. There Wf^ w>t however, any 
Qpagulum of I>)ood on either side of this Upturn of 
lymph, and therefore I coiiclude, that it musjt havq 
had an aperture through which the blood passed: this 
aperture may perhaps have been rendered less distinct 
by the anterior portion of the septum having been 
injured in cutting through that part of the artery to 
>irhich it adhered. The aperture is more distinct in the 
plate thaa ixx the preparation; but the greater t^ckuesa 
Qf the septum near the ^des of the artery, than at the 
center, of th? canal, and the narrowing of the artery at 
that part, are very correct See plate XII. 



EXPERIMENT IV. 

The resultx>f the last experiment ma^ me extremely 
anxious to repeat iu February 4, 1804, an opportu- 
nity offering, I proceeded to tie the carotid of a horse; 
but my ligature was bad; for, as soon as I attempted 
to draw it tight, it broke off close to the artery. I pulled^ 
however, by the little remaining portion, as much as 
the very imperfect and slippery hokl which! could 
take of it would allow, and then removed it very easily. 

February 6th, the animal was filled. The artery 
being cut open, I found that it was completely pcrvicmft^ 
and that the ligature had acted very imp^:feetfy i^ 
partially on it: the int^nal and middle coats were not 



at any pAtt tsbtnfjfettfly dut through. At *n^ j^t; 
for the space of an eighth of an ineh, they Were cut 
iliMuthaif as deep as they ought to bav^ be^n; and 
to this part iw^ sfertder -coagula of bibod adhered; 
but through the !*cihaining circumference dflRfe artery 
tfie mark erf the ligature kitei^nally could only be traced 
hf a slight, narrow, red fine. It is obvious that th* 
Wgature, in consequence of its breaking in the very 
act of tying, had not produced those efefc^s^ Ob whieh 
the success of the cKperiment entirely depehded: the 
failure of this experiment cannot therefcfihe be bdnsi^ 
dered as affecting the uniformity of the result of such 
experiments, when properly performed; M&i on the 
other 6and, illustrates a very interesting feci, which 
will be fully considered in the concluding chufp^er . 

As I could not have many more opportunities of 
operating on horses, I determined in the ne^t insiafiee 
to use two ligatures* 



EXt»EftLMENT V. ' 

February 16th, 1804. A small portioh of the carotid 
artery of a horse was laid bare, and two ligatures 
Were applied around it, about one eighth of tin* ihch 
from each other, in the manner, and with the view, 
described in Experiments I. and II. The ligatures 
were Aen cut away, and the integuments sewerf up. 

February 19th, the animd was killed. The canal 
Of the artery was completely obstructed at the part on 
which die ligatures had hcdn applied; and on cutting 



it openy at some distance from the otustructed part» 
but betweenr |t and the hi^t, we £aund a considerable 
coagulum of blood in this portion of its Qanal, aod 
which being removed, to ascertain tbe nature of the 
obstruction, it was discovered that this portion of ar-r 
tery terminated in the ss^^ie manner as arteries do, on 
iK^ich a ligature has been ap[4ied and allowed to re- 
main; i» e.;ina conical impervious sac. The artery 
just: beyond this point felt hard and solid, I therefore 
did nQt?cut through its coat at this part, lest I should 
spoil the appearance I have just described; but pro- 
ceeded to cut open the other portion of the artei;y 
between the head and the obstructed part, beginning 
at the extremity next the head. In this portion also 
we found a considerable coagulum of blood, which 
being removed, there appeared a small portion of 
lymph, of the form of a heart, projecting within the 
canal of the artqry, the base situated next the coagu* 
lum of blood, the apex terminating in the obstructed 
part of the artery. Over the artery, and on each side 
of it, there was a considerable effusion of lymph, ex- 
tending from rather more than an inch below the ob- 
structed part to nearly an inch and an half above it. 
See^pl?te:?^m. 

Th/s integuments, from the cause before mentioned, 
were not adherir^ to the inte^rnal surface of the wound: 
that surfacejwasfortoed by ayery thick layer of lymph» 
which was lubricated with pus, but there was not the 
slightest accumulation of pus in the wound; nor was 
there any about the ^rtery; nor was there any pus 
discovered in any of the ^periments, except the se- 
cond and thirds in which |the^se portions of ligature 
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wm^ loun^ in the* «Mxeeding «c)ieritaeh«s I used 
small twine for a ligature, and was piyrttciilady carefid 
to see that it was completely withdrawn. 

The examimitiora bf these expf^rimenite. bnring been 
madeionly two or three dayi^after, they had been per* 
Ibrmed, although; the af^earanoes observed (as Soar im 
slianoe, the consideratrie: obliteration of the canal of 
the artery by lymph, which seemed to form .but one 
^bstance with it^ and the extensive coagiila of blood 
n^ich defi^nded the lymph from the impulse ^ the 
circulating blood,) seoned to place, b^yonddoubt, an 
extensive obltteralic^ of the artery; yet, a&k might 
bCt more satisfactory to have direct experiments in 
prdofiOf the permanency of tl^ oblitemtbn, I deter- 
mined to make experiments with this view; but as I 
could not get horses kept long enough for this purpose, 
I was obliged di^e more to have recourse to d<^. 



EXPERIMENT TI. 

March 2, l604. Th« right fiiihcMid artery of a dog 
was tied with two ligatures, in the manner and wiA 
the view formerly described; the ligatures were then 
withdrawn, and the integuments sewed up. 

March 6th. The right brachial artery of the same 
dog was tied as high as possible in the axilla^ The 
whole of the experiment was conducted as above de- 
scribed. ^ ^ 



tan die kft bnMikial^rtery. 

111 making the experiment on the right brachial 
ntd*j, the'iiUftmail partetes of die art^sry seemed to 
adhere ao istron||fy: to eaK:ii other, that tlbt circulatidll 
through thb ^vessd was not restored for a mimite of 
two after the ttgailures wene removed In making an 
experimentbf fhis sort^ the restoration of the circu^ 
ktion through the vessel i^uld always beobtained« 
Altbough^ ip a pracdcal point of view^ k may be ati 
«dvMtage4br ^ intern^ parietes to cohere, and thus 
their vwutided sui^ces may escape that impediment 
to Aeir adhesion, iirhicb a streaim of blood p^t^ng 
between them mtitt occasion in a gi^ater or tel9 
d^ree» 

'" ' . ■ » " 

< ' * ' '• . 

March ISth^ the anlaHal was kitted^ On txzmkii 

ing the arteries on which the experiments had been 

performed, their canals were found to be completely 

obstructed with lymph, which adhered so firmly to 

the internal surface of the artery as to form but cme 

si^piStaRce With it* On each sid^' of the obfitru^on 

there were coagula pf Iplood in th^. caaald' the arteiyi 

OvQr its external sur&ce, and in the ptrt9^ inmiec&itel)? 

surrounding ^, there was a considknible eflbsion of 

lymph. The wounds in the integuments of the two 

former eKperments wiere compktely heaH^ and ^at 

k^ ^e Jbitter experimeM was very neariy clpsed. 

From the changes which we know that arteriea bc^fin 
to undergo very soon after a complete obstruction has 
been made to the passage of the blood through them, 
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dmre can be. little reasm ix> doulit the efficjienbf of fbt 
obstrutction, produced in the manner described in these 
experiments, to occHsion a complete obiicetation of Ae 
artery to the first colkterai branches above and below 
the obstructed p|Hrt« Hie changed htP6 aHndekl to I 
sbaH consider in the next chapter. 

In &e preceding parts of this treatise, 1 have uni- 
formly endeavored, without distorting o^* strainmg 
any feet whatever, to show from some cf our best 
writers on surgery, that the same effeicls-are produced 
on the arteriefs c^ ^e human subj^t^ as on those Hi 
dogs and horse^s, by the same oauseis: how fiir this 
similarity of effect has been satis&ctority proved, each 
mdividual must determine for himself!' to me it appears 
sufficiently es«ablished\to aferd a reasonable expeeta* 
tion, that the obstruction produced in the arteries of 
dogs and horses, in the manner above described, might 
be efiected, by the same treatment, in the arteries of the 
human subject; and if it should prove successful, it 
might be employed in some of the most important 
cases in surgery. The success of the late important 
improvements which have been introduced in the ope- 
ration for aneurism, may perhaps appear to most sur- 
geons to have rendered, that operation sufficiently 
simple and safe; but if it be possible to produce ob- 
struction in the canal of an artery of the human 
subject, in the above-mentioned manner, may it not 
be advantageously employed iti the cure of aneurism? 
inasmuch as nothing need be done to prevent the im- 
mediate union of the external wound. The operation 
may then be considered merely as a simple inqised 
wound. It is scarcely necessary to observe, that I 
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allude to the operation itsdi^ ^f course jif ^s opera- 
tion can' be adopted^ it must be subject to the same 
previous considerations, with regard to the diseased 
state of the artery itself, or of the arterial system, &c. 
which precede every other mode of operiiting. May not 
this mode of obstructing the passage ^ blood through 
arteries be also used with advantage in cases of bron- 
chocele? There may be other cases in surgery in 
which it may prove useful, but I shall not dwell 
longer on what may appear to be premature suggestions 
and queries. — I leave the fact for those who have op- 
portunities o[ applying it in practice, ^when all the 
circumstaucesr which determine its success or failore 
shall have been fully ascertained by further experi- 
ments on brute^: it is enough for my present purpose 
to have pointed out the true principle on which the 
Ugature acts. 
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CHAFTER IV. 



AN ARTERY FINALLY UNDERGOES, IN CONSEgUENCE OF THE 
APPLICATION OF THE UGATURE. 



V^iJ4«;i. 



SECTION I. 



JL HE subject of the ligature has been treated by 
some of the most cmmcnt writers on surgery, and 
most ^f !the fects with re^rd to it arc well understood; 
byt In a subject of si^ch great importance, It is neces- 
sary tM all the chants, ^qd the order i© which they 
l^ppeii, shoi»l|d be ^certainedr 

In relating the experiments undertaken lyith this 
view, I shall Bf9l give an account of thosie in which 
a ligaiture was allied on the tut e«:tremity of thq 
artery, or in which two Hgaturcs were applied on the 
vessel, and the intermediate portion completely di- 
vided? and secondly, of those in which the artery 

U 



138 

was tied with one or two ligatures without bemg 
divided.* 

It is also ^ be observed, that the ligature was 
always made on the artery alone, without including 
its shedfh or any of the s^rrounding parts. — The 
authority oi many of the best writers on surgery ,t 
«id of several eminent surgeons of die present day, 
together with the view which my first experiments had 
given me of the effects of a ligature, so su^ciently 
convinced me of the superiority of this mode of 
practice over the other, that it appeared to me un- 
necessary to put an animal to the additional pain 
which including surrounding parts, and consequently 
nerves iii the ligature^ would certainly have occa* 
sioned. 



EXPERIMENT L 

I laid bare the carotid artery of a dog, included 
nearly an inch of it between, two ligatures, divided the 
artery between the ligatures, and sewed up the ex- 
ternal wound. The cut extremities of the artery 
retracted about one third of an inch. 

• This order will be preserved, except in Experiment XIII. 
in which the artery was divided, but the time at which the exami- 
nation took place requires that it should be arranged in the second 
division. 

t To the late celebrated Dr. Monro, of Edinburgh, in particu- 
lar, we are indebted for many truly judicious and valuable obser* 
vations on this subject. 
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Six hours after the experiment die animal was 
killed. The edges oi the integuments already adhered 
to each other at two points by mean^ of lymph; 
Tlie cellular membrane between the integuments 
and muscles was of a red cdour, had a smooth feel^ 
and polished appearance; and numerous vessels were 
seen running over its surface. Qne part of the wound 
was discoloured with blood; but the inflamed vesseia 
of the cellular membrane chiefly gave it a red ap* 
pearance. A considerable layer of ooagulable lymph 
extended from just below the ligature on the in^rior 
portion of the carotid, to above the ligature on the su- 
perior portion, thus c6nipletely. covering both extremis 
ties of the artery, and the space between them. It also 
adl^red firmly to the muscles '<m each side c^ the ar- 
tery. On tearing a portion of this lymph, its fibrous 
texture was already very iapparent; and numerous 
small red points were observed on its 8»fwe« 

Both portions of artery were opened, but no inter- 
nal coagulum of blood was found: each contained a 
little fluid blood, but not more than is commonly 
met with in the arteries immediately after death. Each 
extremity of the artery was thickened, and when cut, 
$eemed softer near the ligature then elsewhere* 



EXPERIMENT H. 

The humeral artery <rf a dc^ was tied in two places, 
and divided between the ligatures. It retracted asf 
usual. The interments wwe brought together by 
two sutures. 



T#CIlt!f4bll^ hours after tiim e^iBim^^it».«ihe dfog 
tvas.l^eds The wwand se^mi^ to be ajmfift iioiltdi 
but tdifnitted (tf betiig foroe^ maunder, m4 thea dis^ 
OMnered a convdembk q^an^iy (4 effused lymph, of a 
Ifeddish odour, and. sonta what gx'aimbtfed appeacancct 
Fua was forming in the bcmrse of the l^ptums^ which 
krorc yet fiito jon the drtery. The internal aaod middle 
eoata of the Mtry^ which had beea cut throu^^ ajod 
brought into contact by l^ Ugatwea^ cohersd* It waa 
Aot ybt i^ereeplibley that ukeratioe had taken plajce 
at tbe ei^tfemitks o£ the arteiy^ where they bad re« 
oetved the impressiiH) of the ligatures. Fioaa the u{h 
per portion of the artery die c^cul^tion was contimied 
l:^ schreral coUateral brapches^ which prevented the 
fiiniMitiGia of to internal coagultum of bloods 

In the lower portion there was a very inconsi^OT' 
able coagulti«i of bloo4 which sl^l^y adhered jto the 
closed extremity of the artery. 



Th^liftnioiral lirtery 0f a dog was divided between 
two ligdtiir€6, and each porticm instantly retr « ted 
within the arterial sheath, as far as the ligatui^s 
would admit, leaving a space of one third of an inch. 
The integuments were closed by a single suture. 

Fof*^.eight hotirs aftev t^ i^periment the dog Was 
kill^ The wbund^ whicfb wfts nearly united^, befa^ 
forced tounder^ the ctlhitor niembrane was found, to? be 
much thickened with lyniph. The internal su^^fooe of the 



wmrti Iftprtrotf tfo be ittry tfliseukkr, the fymph 
banng a red Md gramikted appterance. A smaU 
abscess pointed oul the sttmion cf the iigatiires, 
which hsA oooasiMed uteoiatiQQ <^ the external cimt 
of the aHoy to auoh m e:^tent^ that jBhejr catiie.ami]f 
on uiaiiig: a vcoy sli^t foroc Botib portiona of die 
artery being cut q)en, it was ascertained, that each 
w» uititiag aft the wounded fiart iMa a pbuch^lake 
txtibiiiiljr. In the upptt porthm there waa no internal 
cm^uioni, in coAseciiicoce cS the ttgature having been 
q^ptied just betotw a coUateral brsneh; nor was^die 
Ijnpb that united the extremity of tfass. portion of the 
artsiy ia^ aiaflicient quMtilytD be perceptible. 

In the inferior portion of the artery ther^ was^ a 
small coagulum of blood, which was loose towards the 
^mal of the artery, buft adored to the pouch4lke 
extremity by lyinph, which was more i^psrent in it 
thai in the uppers. 



BXPERIMENT IV. 

See Chip.L l5xperilfteittXVni.andphteIII.fig.l. 
fcr lib reprfesenttitloH ^ thfe statt of an arttry seventy- 
«W hoots after a lijg;atttre had been applied on it. The 
detail *f Attt part of the experiment which relates to 
die effects of^e ligature I shtkH now subjoin. 

A piece of coarse twine was laid along the portion of 
the carotid next the heart, and included with it in a 
ligature, about half an inch from the ligature at the 
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cxtremHy of tiie artery, so as to keep ^ blood con- 
tained between the two ligatures perfectly at rest. 
This was done to ascertain, if, in a given time, the 
formation of a firm coagulum would take place at' the 
extremity of the artery, fill up its canal, and Uma a 
substantkd obstruction to aecondary hemorrhage. 

Four hours afker, by means of the piece of twii^ 
which had been included with the artery, I withdrew 
the ligature, which had been i^pHed half an inch from 
the extremity of the artery. This ligature bad been 
tied with.one knot, and that oolyti^t enough to ecu* 
fine the blood. It wbb therefinre readily mtbdrawn^ 
and without occasi(ming any disturbance to the other 
parts^ 

Seroi^^two hours after the operation, <m cuttii^ 
open the artery, a c^iagulum of blood appeared nearfy 
half an inch long; but, being examined moiie att^i- 
ti vely to discover if it adhered to the sides of the vessel, 
I found that it was in realiQr rather more than an inch 
long; that a portion of it filled the canal of the artery 
for at least a quarter of an inch, but that the remain- 
der was of a taperk^ fonn, ^ ba^ been doubted 
up and compressed by the injection that had been 
thrown into the artery. Th^ coagulum did; not 
adhere to the internal surface of the, vessel: ^tiimi 
slightly attached to the newly cicatrized part justjindcT 
the ligature, which still remained on the artery. 
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EXPERIMENT V. 



The carotid artery of a ^k^ being exposed, a Jigature 
was applied on it, and the artery divided about three 
lines' breadth from the ligature, between it and the 
head of the animal* The external wound was closed 
with satures. 

Four days after, the dog was killed. On examining 
the wound, the integuments were found open, the ani- 
mal having got out the siitures; in consequence of 
whkh the wound, although much contracted, had a 
deep appearance. On dilating the integuments, we 
found that the surface of the wound was formed ^y a 
thick layer of coagulable lymph, which appeared very 
vascular, and was thinly covered widi pus. 

This layer of lymph being cut through, and the ar- 
tery, which adhered to it very firmly, exposed, we 
£3und it much thickened, to the extent (>f at least one 
iidrd of an inch from its extremity. The ligature was 
still on, but had occasioned ulceration and separation 
of at least two thirds of the circumference of the ar- 
tery. A black conical coagulum, about a quarter of 
an inch long, was found within the extremity of its 
canal, which it did not completely fill; nor did it ad- 
here to the side of the artery; but was slighdy at- 
tached to the part which had been recently united by 
the application of the ligature, and which appeared to 
be a mere point, the extremity of the artery being so 
Contracted as to form a eone. 
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EXPeRiMEsrr ti. 



The. femoral artery of a young dog was laid bate; 
bvo ligatures were applied around itt about three quar^ 
ters of an inch fixHn each odier, and the intermediate 
portion was caooipietely divided. The cut eltremtiiea 
immediately retracted nearly half an indi firon each 
other. The external wound was sewed up. 

This dogdicd six daya after, in eeaaeiiiience of rexy 
extensive inlus^siificiQfytio diod iniammatiqn pf bis inlea^ 
tinea. On examinkig the liaib, the external wonad 
was found to be very much contracted, biiEt mot com- 
pletely heakd. Its sur&ce had the same £q>pearaace 
after tlie integuments were dilated, as lias been de- 
scribed in the }ast cx^riment. The artery hdng ex^ 
posed, it appeared, that the posterior part of the layer 
ci lymph that Ibraaed the sur&oe of the woiind, was 
fimUy attached to the inferior portion of the artery, a 
Uttle below the ligature, md e^^tended up to the tope- 
rior extrendfey of the artery, which it iateo covered and 
adhered to firmly. The ligature, which had been ap- 
plied on the superior portion of the artery, had escaped^ 
and cmild not be found; the extreimty (d (he arterjr 
was completely closed and covered with lymph. Beii^ 
cut open, its tuuics appeaited very much thickenedt 
and a small Uack cosigulum, that was not attached to 
any part, was foiiad at the end of its c^naJ^ which waa 
very much contracted. On the inferior pyoriion of 
the artery the ligature still remained; its tunios wem 
very much thickened, acfed aurrcwid^ with iymf^ 
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and a very small black co^^kim was found at the 
extremity of its canal, which was completely united, 
and very much contracted. Withdrawing the eoagu- 
lum, to examine the termination of the canal, it did 
not adhere to any part, but was ccmfined by the con- 
traction which the artery had undergone* 



EXPERIMENT Vn. 

Two ligatures wfere applu^d around the carotid 
artery of a dog about an inch fromrekch other; the 
ligature neares^othe heart was tied ^very tight, that 
next the headt^to tied m the usual manner tte 
artery was not divided between die ligatures, and 
the external wound was sewed up. 

Eleven days after the experiment, the animal was- 
killed; the external wound was very much contracted» 
but not healed. Its surface was covered with pus, 
that seemed to issue from under tl^ stemo-mastoid 
muscle, which being raised, we found a cavity between 
it and the artery, contsaning a small quantity of pus, 
and a sinus extending from the cavity about an inch 
and a quarter by the side of the artery towards the 
heart. The ligatures were not to be found, but they 
had probably occasioned the formation of this absce^; 
and the erect position of the head had favoured the 
extension of the pus by the side of the artery. The 
artery was separated into two distinct portions, about 
an inch distant from each other; but the extremity of 
the portion next the heart was so completely enve- 
loped in lymph, which adhered to it too intimately 
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to be dis^eet^ off^ ihM it was tnlpoMiblft to ivy 
ttkaotly where it t^midateii: this lymph gwe the ex- 
tremity of the artery the appe^^fice of being much 
larger than any other part of the viidsel; which indeed 
had contracted so much/that it wa&( v^ry much smaller 
.than the corresponding portion of the other carotid* 
The coats of this contracted portion of the carotid ap- 
peared remarkably thick and white, except about half 
an inch of it next the extremity^ which was of a very 
dark colour, occasioned by a coagulum of blood that 
did not adhere to the internal surface of the vessel, 
but had rendered it very black, probably in conse- 
quence of the artery being firmly()Contracted round 
iImk coagulum, and of the absorption of the latter 
having commenoed. 

The extremity of the superior portion of the artery 
was completely closed, and of, a conical form; it was 
covered with lymph, the cellular membrane surround- 
ing it^ was thickened and indurated, and there was a 
amaU coagulvm of blood within its canal. 



' BXPERtMENT VUI. 

A small porticm of the carotid artery of a large dog 
was laid bare, and a single ligature applied around it 
in the usual manner* The external wound was then 
sewed up. 

Twelve days after, the animal was killed; and an 
examining his neck, I found the wound, in appearance, 
filled up and healed, except for the space of about a 



aiJt-peiice, wbk^h ym coKre^ wkJ^ puis; but on 
wiping ftw^ tWsJ matMr> ^u^ m^pig gentip pressure 
around the piu'tt it ww Inus^^^eiJiy c^im^Afph 
with pus. A probe was passed, and there appeared 
to be a deep sinus, which being dilated was found to 
extend to the part of the artery that had been tied, 
and to which the ligature was still attached. After a 
free dila^t^tion of tfte parts, we found tl^t the artery was 
covere<4> to a considerable extent abo.ve and belpw 
the part which had been tied^ with a thick layer of 
coagulable lymph, through which the li^ture wa^ 
projecting. The posterior and lateral parts of the 
artery resembled a small ligament, for the space of <me 
ihkd of aft inch, at the part whiph had been tied; 
md each portion of it wa3 of a iconical form* Botl^ 
contained cpagpla of Wood, which had the e^^Qt forna 
of tlve artery, but did not adhere to its iateroal st^r^ 
fece^ 33 &r ^ they could be examiqed without turning 
them Out <;>f its capah they were ;Qbviously xonfinpd^ 
]^y the art^y at their extremities next the pbUterated 
part; for at each extremity was; diatinetly seen, what 
was originally the base of the coaguluna converted 
into the apex by the contraction ojf the ar^ry.* The 
ligature must have Keen detjpineii merely by a few 
0bres, as I could not detect it, either at the postieriojr 
or lateral part, althbugh J put jntp.tbep as mvtch as 
I coqld without destroying the !§|tiall, 'obliteraite4> 
lig^ra^entoua portion of the ^rtfjcyf $ee pMt^ .^IVf* 

* See Note M. 
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Although I atll^ndai closely to this mihhalfirom the 
time of the experiment until hJs deathi^Iw^ver oope 
observed any hemonrhage A-om thfe plot.? \ * * 



(EXPERIMENT K. 



The carotid artery of a dog was tied with two liga- 
tures, which wfere applied about an inch ftoni each 
, other, but the intermediate portiett was not dividedl' 
The external wound was sewed up. 
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Nineteen days after, the animal Was kiHed. The 
external wound was completely heafedJ^TRie^llular' 
membrane was very much thickfen^d atid ihdufated 
down to the artery, to Which it adhered very firmly.^ 
The artery had been previously injected, and' on' 
cutting it open from the aorta upwards; we fbtind its 
canal veiy much diminished, and more' 'and iriore so, 
as we approached the part which had been tied. At 
the termination of the injection, which was nearly' 
two inches from the aorta, there was a black coagii* 
him that did not adhere to the intertial surface of the 
artery, but terminated in a point at its contracted ex- 
tremity, which was very thickly surrounded' with 
lymph, invplving also the nerve, and giving the ex- 
tremity of the artery a bulbous appearance. From 
this extremity a thick layer or column of lymph tlL-- 
tended to the extremity of the upper portion of the 
artery. 

The extremity of the upper portion of the artery 
^as so thickly covered with lymph, that it was ex- 
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tremdy difficult to get a distinct view of it. On 
ciWtiffg it open, from under the inferior maxillary bone 
towards its extremity, we found its^ canal very much 
contracted, to the extent of at least two inches from 
the extremity. The injection had insinuated itself 
into this part, but was extremely slender and ta- 
pering. It will be remembered, that this portion 
of the artery was supplied with blood only by 
anastomosing branches, and consequently there was no 
ifaipetos of the blood to ^resist its gradual dcmtraction 
aria obliteration.. Fromithe termination of the. injec- 
tion to the extremity of the artery, a, space of about 
one third of an inch, its canal was completely oblite- 
rated, and its coat^ were converted into a firm, thick, 
solid substance. No discharge of blood had ever 
been observed from this artery after the experiment. 



' » EXPERIMENT X, 

The! Humeral artery of a dog was tied, as high as 
it could be reached, with a single ligature; and the 
external wound was sewed tip. 

Thirty -<hree days after the experiment, the animal 
was killed. Not the slightest discharge of blood had 
ever been observed. The external wound was com- 
pletdy Healed. On cutting open the integuments, and 
disisecting down to the artery, the cellular membrane 
appeared* Slightly thickened. The artery was com- 
pletely obliterated, from just below a collateral branch 
in the axiUa> to the extent of at least an inch and a half 
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down the humerus; throtfgh the whole of which fipuce 
the artery was not larger than a iiervous fflamrat: 
below this portion, where the artery i^Mi became 
pervious, it was very much cwitractecfc tAowing that 
a more extensive oUiteration b£ it w'as going atu 



EXPERIMENT XL 

The right femxM^ artery of a >toge dog was tied 
with a single ligature. The correspbilding part of <he 
femoral vein was al^o tied, at the 'same time, . with a 
separate ligature; and t!bt ^xtchnal woubd was ' 
sewed up. 

Thirty-seven days after, the ataimal Mftits iiiHdd. ilo 
hemorrhage had ever been observed from the wound, 
which was now completely healed. The posterior 
extremities were injected from the aorta. The artery, 
on which this experiment had been performed, being 
dissected, we found k completely oblit^ratp^a^d 
converted: into a slender ligamehtp^s baiid» ^ thp 
spaee of an inch and an half, at the part which IVMi 
been tied: At each extremity of this obliterated por- 
tkoR^a^considerable lateral In^nch w^s given ofi^eac^r of 
#hich anastomosed freely with the othpr. The.. trunk 
of the artery below the oUiterated.par^ appe^ed'&Dly 
proportioned to that above it; the injection. bs^4 p?3S6d 
very freely into it by the anastomosing v^s^ls, ,aii4 
even the vessels going to the toes wer^coi^lete^ 
filkd. I'he muscles of the kg had a perfect^ Pi^tura^ 
deep red aj^>earftnce, and the in]ecte4 b;»i^}}^ ^^ 



151: 

artery were, seen ramifying freeljr through them; but 
the muscles of the thigh were most mhuitely injected: 
the vastus extemus, in particular, had a most beauti- 
ful appearance; by merely dissecting off its fascia, 
numerous small brapches might be seen anastomosing 
through it: it is principally supplied with blood by the 
profunda, and a considerable branch above the knee. 
A very large anastomosis was traced between the pro- 
funda and another branch arising just above the knee. 
The artery just before it passed on the back part of 
the knee joint, gave off a considerable branch, which 
formed several anastomoses with the ischiatic artery 
on the inner side of the glutaeus maximus. Another 
branch from the inferior portion of the femoral artery, 
given off higher up above the knee, anastomosed 
.very freely, in one of the posterior muscles of the 
thigh, with a branch from the ischiatic: almost every 
one of these anastomosing branches had a very serpen- 
tine course; the artery was much convoluted, and 
most of the anastomoses formed small circles; thus, 
when two branches, one from above, and the other 
from below, approached each other, at some little 
distance before they met, each divided into two 
smaller branches^ which anastomosing with each other, 
formed a small circle or ovaL A considerable branch 
was sent off from one of the lumbar arteries, and passed 
close under the integuments, and over the fascia of 
the thigh, giving off many branches to the integu- 
ments in its course, and terminating in repeated 
anastomoses with the arteries about the knee. 

The vein was obliterated to a greater extent than 
ihe artery, and the superior and inferior portions com- 
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municated freely by branches which passed from one 
to the other. 



EXPERIMENT XU. 

Thq left femoral artery of the dog that was the sub- 
ject of the last experiment, was tied with a single liga- 
ture, and the external wound was sewed Up. It is to be 
observed, that this experiment was performed before 
that which has been just detailed; but as the examina- 
tion of it took place at a more distant period after the 
experiment than the former, it is here related after it: 
my motive for operating on both hind legs of the ani- 
mal was to ascertain if the effects of tying up the vein 
as well as the artery differed fromi those which were 
produced by tying the artery alone. 

Forty-nine days after this experiment, the animal 
was killed. There had never been any discharge 
of blood from the wound, which had been for many 
days completely healed. It was stated in the pre- 
ceding experiment that the extremities were injected 
from the aorta. On cutting open the integuments over 
the artery, we found a small circumscribed abscess in 
the cellular membrane, between the integuments and 
the fascia; this abscess contained a small quantit}' of 
pus, and the ligature with which the artery had 
been tied. 

On dissecting down to the artery, we found it 
obliterated, to the extent of at least an inch and a 
quarter, at the part which had been tied: at each 



extremity of this obliterated portion, lateral branches^ 
were given off; viz. on the inner side of the femoral 
artery, the anterior tibial, imnjiediately below the ob- 
literated portion; on the outer side of it, two branches 
of moderate size, one just above, and the other imme- 
diately below the obliterated part: although the lower 
branch was given off at rather an acute angle, its rami- 
fications stretched out laterally, and anastomosed freely 
with the small branches of that which was given off 
above the obliterated part; one branch, in particular, 
' dipped deep into the muscle, and then turned directly 
upwards, and united with the superior branch. Two 
branches from the inner side of the femoral artery, 
given off one a little above, and the other below the 
obliterated part, soon divided into five smaller branch- 
.es, which anastomosed with each other. From the 
upper part of the femoral artefy, a considerable 
branch passed down, immediately under the rectus 
cruris, and anastomosed freely with several small 
twigs above the knee. The anastomoses were formed 
precisely in the manner described in the last experi- 
ment, L e. by tortuous branches, most of which anas- 
tomosed in small circles or ovals. The other principal 
anastomoses, formed by the profunda and ischiatic with 
branches from the inferior portion of the femoral, just 
above the knee, were precisely similar to those de- 
scribed, in the preceding experiment. The principal 
anastomoses however appeared somewhat larger; but 
the muscles of the thigh, although very vascular, by 
no means exhibited so many vessels as those of the 
opposite limb. Did this depend on the obstruction 
which had been made to the return of the blood in 
the right leg by tying up the vein, in consequence 
^ ^ Y 
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of which a greater number of small arterial ramifica- 
tions had been increased in size, so as to becmne visi- 
ble? or did it depend on the different periods at which 
the examinations of the limbs took place^ and had 
the muscles of the left leg lost a certain degree of tiieir 
apparent vascularity in consequence of the contraction 
of the numerous small vessels which had at one time 
been visible? It has been observed that the principal 
anastomoses of the left leg were somewhat larger than 
those of the right: it is probable that as those princi- 
pal anastomoses increase in size, maiiy of the smallest 
visible branches contract and disappear* 

These questions are perhaps of little consequence 
as to experiments of this kind; for whatever difference 
may have been observed in the vascularity of the mua- 
cles of these limbs, or in the size of their anastomoses^ 
the injection had passed as freely through every part 
of each limb, and even the arteries going to the toes 
of each, were as completely filled, as if there had been 
no obstruction whatever in any part of the artery. 



EXPERIMENT Xllh 

I laid bare a very small portion of the left carotid 
artery of a dog, applied two ligatures on it, about 
one third of an inch from each other, and divided the 
artery between them: the divided extremities re- 
tracted very little from each other, less than I had 
observed in any former instance; probably in conse- 
quence of the artery having been so little detached 
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from the surrounding parts. The external wound was 
then sewed up. 

Forty-nine days after the experiment, the animal 
was killed; and the carotids were injected from the 
aorta. The external wound was completely healed; 
and on dissecting the left carotid ft-om the aorta up- 
wards, it was found, that the injection had not passed 
more than an inch up its canal, which was very much 
coiuracted, so that this portion of the artery wa^ con- 
siderably smaller than the corresponding portion of 
the right carotid. From the point at which the in- 
jection terminated, the artery was much more con- 
tracted; felt like a hard cord; and was of a dark gray 
colour, for the space of about an inch and a quarter. 
It was cut open with some difficulty, as its canal was 
completely closed; its tunics were found remarkably 
,^ thick, and its internal surface of a black colour y but 
there was no coagulum within it. The artery termi- 
nated in a firm, white, conical portion, about a quar- 
ter of an inch in length, and which was united to the 
extremity of the superior portion by a small liga- 
mentous band of lymph, about one third of an inch 
long. 

The extremity of the portion of the artery next the 
head had also undergone complete consolidation, and 
was very similar to the other extremity. Its canal was 
completely obliterated for the space of an inch and a 
half from its extremity; and through the whole of this 
extent, it was very much diminished in size, and had 
a ligamentous appearance: from the end of this obli- 
terated part to the first lateral branch, its canal was 
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very much contracted, and was of a conical figure, 
the apex being next the pbliterated part, showing that 
it was also undergoing obliteration: the injection how- 
ever had passed into this contracted portion below the 
lateral branch. 

This superior portion of the carotid anastomosed very 
freely with the right carotid, both before and behind 
the trachea, and also with the left vertebral by a very 
large branch. The left vertebral and the right carotid 
were very mijQh increased in size. From the posterior 
part of the curvature of the aotta, jusf^between the 
carotids, a very considerable branch was given oflF, 
and passed up between the trachea and oesophagus, for 
some distance on the right side, and then turned off 
obliquely to the left side of the oesophagus, and formed 
a considerable anastomosis with a ramification of the 
lateral branch, given off from the superior portion of 
the artery. See plate XV, 



EXPERIMENT XIV. 

The left femoral artery of a young dog was laid 
bare, and tied with two ligatures, about half an inch 
distant from each other: the intermediate portion vrtis 
not divided. The external wound was sewed up. 

Six days after the experiment I observed, that al- 
most the whole of the inner surface of the limb was 
wet with serum tinged with blood. There was also 
a discharge of pus from the wound. The day follow- 
ing, the integuments around the wound were covered 
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with a purulent discharge very deeply tinged with 
blood. Ten days after the experiment, the wound 
was almost healed. 

Eighty-one days after the experiment, the animal 
was killed, and the hind legs were injected from the 
aorta. On dissecting them, we found, that the left 
femoral artery was oblitehited, to the extent of an inch 
and a quarter, at the part which had been tied: this obli- 
terated portion was so extremely slender, that it was 
difficult to preserve it; and at each extremity of it, 
there was a lateral branch, which anastomosed very 
freely with the other. It would be tedious to describe 
tiie numerous anastomoses, observed in the various 
branches of this limb; they were much larger than 
those described in Experiments XL and XII. although 
this animal was much smaller than that on which those 
Experiments had been performed; but like them, 
they were chiefly formed in circles, and the branches, 
by whiph they were formed, were extremely tortuous, 
which rendered them very beautiful, particularly when , 
they were first exposed, as the loose state of the mus- 
cles, and the necessary distortion of them, to get at 
the arteries, for the purpose of dissecting them, very 
much diminished their tortuous appearance. The 
muscles of this limb were florid and healthy, but they 
did not exhibit that minute and extremely vascular 
appearance, which was observed in the experiments ^ 
referred to above. The principal anastomoses were 
formed by the same branches as in those experi- 
ments, i. e. by the profunda and ischiatic,^ above the 
obliterated part, and by branches from the inferior 
portion of the femoral, particularly about the knee, 
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below. In this animal also these was a considerable 
bra^icb from one of the lumbar arteries, which passed 
close under the integuments, down the thigh, and 
anastomosed with branches about the knee. On com- 
paring the arteries of this limb with those of the right, 
the trunks of the branches, by which the anastomoses 
were formed, were evidently larger than the corres- 
ponding trunks of the right leg; but the jHrincipal 
difference was observed in the extreme and, inoscu- 
lating branches; for in the left leg, the inosculations 
or anastomoses were extremely numerous, lai^, and 
formed by tortuous brwches, uniting so as to fOTm 
small circles or ovals; whereas, in the right leg, very 
few anastomoses could be traced, although the smaller 
branches were followed, even into the muscles, with 
the utmost minuteness. The few anastomoses which 
were found were extremely small, and formed by 
turanches passing in a direct line with each other, not 
in the least tortuous. This difference cannot be im- 
puted to the manner of injecting, because both extre- 
mities were Blled by a single injection from the aorta 
just above its bifurcation. 
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MICTION IL 

The first effects erf the ligature upon an artery are, ' 
a complete divisicHi of its internal and middle coats, 
an apposition of its wounded surfaces, and mi obstruct 
tion to the circulation of the blood through its canal. 
The artery does not become unusually distended m 
consequence of this obstruction;* principally because 
die collateral branches afford a passage to the blood, 
and partly in consequence of the effect which the ob- 
struction to the arterial canal, and the pressure made 
by the ligature, have in depriving that portion of the 
artery of the property of accommodating itself to the 
quantity of blood determined to it: a property which 
it has frequently been observed arteries are endued 
with, to a certain extent, when entire and free from 
pressure,! and which is beautifully illustrated by 
the almost immediate enlargement which the collateral 
branches have been observed to undergo, when a trunk 
has been tied.J From these circumstances it appears, 
that the enlargement of the portion of the artery, 
between the first collateral branch and its extremity 
is prevented; but it is obvious that there must be a 
small quantity of blood just within the extremity of 
the artery, and which is more or less completely at 
rest; it therefore coagulates, but does not appear in 

• See Note N. t See Note O. 

* See Note P. 
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every instance to form at once a coagulum, capable of 
filling up the canal of the artery; for, as may be ob- 
served in inany of the experiments, several hours after 
the artery had been tied, there was only a slender 
coagulum formed in its extremity. 1 am therefore dis- 
posed to think, that although the artery cannot ac- 
commodate itself to the blood determined to it, yet 
it undergoes such a degree of contraction, as occasions 
too much motion in the blood which it contains, to 
admit at once of its complete coagulation.^ It is a 
fact, that in most cases only a slender coagulum is 
formed at first, which gradually becomes larger 
by successive coagulations of the blood; and for the 
same reason it is, that the coagulum is always at first 
of a tapering form with its base at the extremity of the 
artery. But the formation of this coagulum is of little 
consequence; for soon after the application of the 
ligature, the extremity of the artery begins to inflame; 
and the wounded internal surface of its canal, being 
kept' in close contact by the ligature, adheres and 
converts this portion of the artery into an impervious, 
and at first slightly conical sac. t It seems to be en- 
tirely owing to the effusion of lymph, by which this 
adhesion is effected, that the coagulum of blood, 
formed within the artery, is sometimes found ad- 
hering by a small part of its base to the extremity 
of the artery. But whilst the adhesion of the in- 
ternal parietes of the artery is accomplished, a con- 
siderable quantity of lymph is effused between its 
coats, and among the parts surrounding its extremity; 

P See that sentence in note N which begins ^'Sensim vero," &c. 
t See plate XIV. fig. 2. 
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so that, in a very short time, the extremity of the 
artery is enveloped in lymph, and covered with a' 
layer of it, just as we have seen the punctured artery 
to be.* After a short time, the ligature occasions ul- 
ceration of the part around which it is immediately 
applied; and, acting as a tent, a small aperture is 
formed in the layer of lymph effused over the artery; 
through this aperture a small quantity of pus is 
discharged, as long as tlie ligature remains; and 
finally, the ligature itself also escapes, and the little 
cavity, which it has occasioned, granulates and fills 
up, and the external wound heals in the usual man- 
ner; leaving a considerable thickening and indura- 
tion of the cellular membrane, extending a little be- 
yond the extremity of the artery. See plate XIV. 
fig. 2. 

But rince a certain degree of ulceration and forma<* 
tion of pus appear to be the necessary effect of the 
ligature, and this ulceration takes place as near as 
possible to a newly cicatrized part, and as it is a well 
known fiict, that such parts very readily ulcerate, 
it is obvious, that every possible means should be 
employed, to prevent the extension of this ulcerative 
process: hence we should guard against the accumu- 
lation of pus about the extremity of the artery, by 
such pressure as the parts may conveniently bear; by 
placing the limb in such a position as will allow a 
ready exit to the pus; and, in some instances, by the 
application of sponge. 

t See plate XIV. fig. 1. 

z 
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It is certainly desirable, that the ligature should come 
-away as soon as possible, yet I am convinced, that great 
care is necessary in endeavouring to expedite this event. 
We should always remember that so long as the attach- 
ment of the ligature appears to have any degree of 
firmness, any force exerted on it (as for instance, 
by pulling it rather strongly,) must act more or lesson 
the recently cicatrized extremity of the artery, which 
is not only contiguous to it, buit is still in union with 
that portion of the artery which detains the ligature; 
for it is the external coat of the artery, which hinders 
the separation of the ligature, partly, in consequence 
of its undergoing ulceration slowly, and partly, be- 
cause the ulceration, which takes pl&ce in the first 
portion of the artery, by rendering the ligature loose, 
diminishes very much its power of promoting ulcera- 
tion through the rest of the artery. But so long as 
any portion of this external coat remains entire, it is 
continuous with the external coat of the newly cica- 
trized portion of the artery, and therefore any force 
exerted on the former may be extended to the latter: 
hence it appears most prudent, that so long as our 
attempts to draw away the ligature meet with much 
resistance, they should only be exerted in such a gen- 
tle and gradual manner, as may promote ulceration 
of the part by which the ligature is confined, with- 
out endangering laceration of the recently united 
parts. 

The permanent changes which take place in an 
artery, and in the circulation through a limb, in con- 
sequence of the application of the ligature, are pre- 
cisely the same as those which happen from the 
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division of an arteiy, and which I have described in 
Chapter I. Section III. The portion ^{ the arterial 
trunk which has been tied, undergoes a gradual con- 
traction and obliteration to the first collateral branches, 
and finally dwindles to a mere fibre.^ 

The collateral branch^ are usually distended and 
excited to stronger action from the moment that a 
complete obstruction is formed in the trunk, and con- 
sequently, the commencement of their enlargement 
may be referred. to that period.f Their increase of 
size seems to be proportioned to the exigencies of the 
particular case; thus, if the limb has been amputated, 
it does not appear to be finally very considerable, 
but if the limb remain entire, and only the natural 
course of the circulation be obstructed through 
the main arterial trunk, their enlargement is much 
more conspicuous,^ and is particularly observable in 
the small inosculating ramifications of the collateral 
branches, by which the circulation appears to be car- 
ried on, after a certain time, as vigorously in the limb, 
the principal artery of which has been obstructed, 
as in that, which has preserved its natural circula- 
tion. $ See experiments XL XII. and XIV. 

The effects of tying an artery properly appear then 
to be the following: 

1% To cut through the internal and middle coats of 
the artery; and to bring the wounded surfaces into 
perfect apposition. 

♦ See Note Q. Also Experiments X. XI. and XIII. of Section 
I. of this Chapter, 
t See Note P. ♦ See Note R. 5 See Note S. 
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2*. To oecasion a determination of Uood on the 
collateral branches. 

S^ To allow of the formation of a coagulum of 
blood just within the artery, provided a collateral 
branch is not very near the ligature. 

4^ To excite inflammation on the internal and mid- 
dle coats of the artery by having cut them through, 
and consequently, to give rise to an effusion of 
lymph, by which the wounded surfaces are united, 
and the canal is rendered impervious: to produce 
a simultaneous inflammation on the corresponding 
external surface of the artery, by which it becomes 
very much thickened with efiused lymph; and at the 
same time from the exposure and inevitable wounding 
of the surrounding parts, to occasion inflammation in 
them, and an effusion of lymph, which covers the 
artery, and forms the surface of the wound. 

5\ To produce ulceration in the part of the artery 
around which the ligature is immediately applied, 
viz. its external coat. 

6**. To produce indirectly a complete obliteration, 
not only of the canal of the artery, but even of the 
artery itself to the collateral branches on both sides of 
the part which has been tied. 

7**. To give rise to an enlargement of the collateral 
branches. 

In the account which I have now given of the ef- 
fects of the ligature on an artery, I have had in view 



only those instances, in which the ligature has been 
applied on the extremity of a divided artery, or those 
in which two ligatures have been applied on an artery, 
at a small distance from each other, and the inter- 
mediate portion divided. But, from observation on the 
human subject, it appears, that the eflFects are diflFe'rent, 
or at least their accomplishment is much mqre likely 
to be interrupted, when one or two ligatures are ap- 
plied on an artery without any subsequent division of 
it. With regard to the circumstances which occasion 
this difference, I shall consider them in the following 
chapter. 
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CHAPTER V. 

ON THE IMPROPER FORM AND APPUCATION OP THE UGA- 
TURE, AS TENDING TO PRODUCE SECONDARY HEMORRHAGE. 

The preceding chapters have, I think, afforded 
ample proof that every part of an artery is organized 
in a similar manner to the other soft parts of the body; 
and that its coats are susceptible of the same processes 
of adhesion, ulceration, &c. as the other parts are, 
when the same means of producing them have been 
employed. It follows, that the same precautions, 
which we take to secure the adhesion of other parts, 
should be observed, to effect it in an artery. But 
there is this difference in the cases; we endeavour to 
obtain union by the first intention in common parts, to 
remedy an accident or heal a wound; whereas, in the 
case of an artery, we perform an operation on it, to 
put it in the state of a simple wound, L e. in a state 
in which adhesion may take place: and this operation 
consists in the application of the ligature, which, 
when properly applied, cuts through the internal and 
middle coats of the artery, keeps their cut surfaces in 
contact, and affords them an opportunity of uniting 
and cicatrizing, as other cut surfaces do, by the adhesive 
inflammation. The immediate suppression of the 
hemorrhage, which the ligature effects, is to be con- 
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sidered then, only as a primary and temporary part 
of its office; we are chiefly to consider its application 
in the more interesting and important view of an ope- 
ration, which has for its object, not only the imme- 
diate suspension of the hemorrhage, but also the ad- 
hesion of the internal and middle coats of the artery, 
as the only permanent security against the return of 
the hemorrhage. 

But it is well known that, generally speaking, wc 
can only obtain union by the first intention in clean 
and simple incised wounds, consequently it is only in 
such wounds of the arterial coats that we can reason- 
ably expect it; and hence, it is obvious, that we 
should take the utmost care, to use the ligature of the 
form, and to apply it in the manner most conducive 
to the formation of such a wound. 

Having premised these general observations, which, 
I hope, appear sufficiently well founded, to serve as 
data, from which we may reason as to many of the 
causes of secondary hemorrhage, I shall now consider 
the manner in which the ligature, by its improper 
form or application, may give rise to secondary hemor- 
rhage. It may with truth be asserted, that that part 
of surgery which relates to the securing of arteries, 
obtains a very inadequate degree of attention: pro- 
vided that ligatures are ready, their size and form, 
whether completely flat or irregular, are, I believe, 
seldom attended to; nor does, it appear that the, de- 
gree of force employed in tying the artery, is often 
taken into consideration. Some surgeons, wishing to 
guard against the ligature'3 slipping off*, tie it with 
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very considerable force; while others, appreheimve 
lest they should cut through the artery^ xx occasion 
too early a separation dF the ligature, draw it oidy 
sufficiently tight, to prevent the escape of any blood. 
Now it af^ears highly improbable, that a broad, &it 
l^ture should make such a wound in die internal and 
middle coats of an artery, as is most favourable to ad- 
hesion; because it is scarcely possible to tie it smoothly 
around the artery, which is very likely to be thrown 
into folds, or to be puckered by it, and, consequently, 
to have an irregular, bruised wound, made in its mid- 
dle and internal coats. And even if it should make a 
proper wound, yet, by covering a considerate space 
of the external sur&ce of the artery, it may tiestrojr 
^e very vessels which pass on it in their way to die 
cut surfaces of the internal and middle coats, and 
thereby render them incapable of in&iming: nor does 
it appear that anastomosing branches can supply this 
defect, for, if the branches which immediately supply 
the cut surfaces are bruised and comjn^ssed by the 
ligature, how is the blood from anastomosing branches 
to enter them? but admitting that such a ligadire 
makes a proper woupd, and that the wound unites^ stiH 
it may cover that part of the external coat which is 
directly over the neWly united part;* and consequently, 
as soon a^ it has occasioned ulceration through the ex- 

* In many of the experiments with the ligature, the internal 
coagulum of blood being removed, and the extremity of the arte- 
ry minutely examined, I found, that its internal and middle coats 
adhered close above the part, around which the ligature had been 
iapplied. 
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teinal coat, it will produce the same effect on the newly 
united parts, and of course, second^ hemorrhage. 

If a ligature is of an irregular form,* the proba* 
Ulity is, that it will cut through the internal and 
middle coats of an artery more completely at some 
parts, than at others; but from Experiment IV. re- 
lated in Chapter III. it appears, that, to induce a suf- 
ficient degree of inflammat^n, to occasion an efiusicm 
of lymph from the internal surface of an artery, it is 
necessary tha^ these coats should be completely cut 
tim>ugh: this fact does not rest on the authority of 
idiat. experiment alone, for in all my experiments with 
the lig^ifure, which were examined Soon after it had 
been applied, although the imemal surface of the 
artery appeared inflamed a little way above the part 
at which it adhered, yet in no instance 4id it exhibit 
the appearance of lymph having been effused on it, 
except at the part which had been cut; and the point of 
adhesion was never more than a line's breadth: in short, 
the artery seemed to adhere only at its cut surfaces^ 

* It is a fact, which I have had opportunities of obserring, 
that, through inattention, a ligature is sometimes made datatone 
part, triangular or nearly so at anotlier, and so on alternately 
through its whole length. 

t This fact is well illustrated by adverting to the opinion that 
Pouteau entertained of the effects of ligatures, and which opinion 
was founded on observations made on the state of the artery of 
which he has given a plate. Pouteau considered it to be proved 
with regard to ligatures, " que leur effet n'est point d'arr^ter le 
<< sang au desaouM dujily ni immediatement sous lefil^ mats dans ia 
^fiartie du vaisseau excedente au dessousdc la ligature,*' Melanges 
de Chirurgie, p. 322-3. Now as Mr. Pouteau recomm^ded that 

2A 



170 

from these (acts, I think we may fairly conclude, that 
if the ligature does not completely cut through the in* 
temal and middle coats all round the artery, adhesion 
cannot take place between its internal surfaces, smd 
therefore secondary hemorrhage will take place as 
soon as the ligature has ulcerated through any part 
of the parietes of the artery; and that it will of 
course become more frequent and copious as the pro- 
cess of ulceration advances. 

. The observations which I have here made, will, un- 
doubtedly, be especially verified, if such a ligature as 
I am alluding to, or perhaps any ligature, ^ applied 
by an operator, who is particularly careful not to tie 
the artery tight, lest he should cut through its coats, 
or occasion too speedy a separation of the ligature. 

Uie Burroundir^ parts should be included in the ligature with the 
artery; if we connect with this the state of the artery from which 
his opinion was formed, we shall immediately perceive,\hat the li- 
gature had not cut through the internal and middle coats of the 
artery; that it had merely compressed its sides a little; and, conse- 
quently, no permanent obstruction was formed either above or 
immediately under the ligature; but the cut edges qf the extremity 
efthe artery had unitedi and yet in order that they might come 
into contact,' and, in fact, to prevent the hemorrhage occasioned 
by the division of the artery, the ligature must have been applied 
tight enough, in the first instance, to bring the internal surfaces 
of the artery into contact, and to stop the flow of blood: this al- 
lowed the cut edges at the extremity of the artery to remain 
"quietly in contact, and they united. But the .artery could not unite 
immediately under the ligature because its middle and internal 
eoats were not cut through: on the contrary, its canal appears to 
have been partially dilated again, the pressure niade round it by 
the ligature not having been sufficient to prevent this effect. 
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Another cirtumstance with regard t6 the ligature^ 
is its being applied sd as to form an oval instead 
of a circle, by embracing the artery higher up 
on one side than the other: this^ I am aware^ 
will . be more or less remedied in the act of 
tying, but yet in consequence of an artery being 
drawn out Unevenly with the tenaculum, or, if it be 
entire, of the cellular membrane being more de- 
tached from it on one side than the other, this may 
sometimes happen; and it is obvious, that, in such a 
case, the cut edges can neither be so justly placed, nor 
so firmly kept in apposition, as they ought to be; 
they will, therefore, be more easily torn asunder, and 
the ulceration produced by the ligature will be 
much more likely to affect the recently united parts, 
and produce henK)rrhage, if they escape it from other 
causes. I do not say tliat a ligature can be tied around 
an artery so as to form a complete ovaT; I mean to al- 
lude only to the deviation from a circle: now it 
appears from what has been already said, that it is 
only the cut surfaces which unite; any deviation 
therefore from a circle must be unfevourable to the 
exact and steady apposition of these parts. I think 
there can be little doubt, either as to the reality of the 
ligature being sometimes applied in that way, or as 
to the tendency of such an application of it to produce 
secondary hemorrhage. 

It cannot reasonably be expected, that I should il- 
lustrate the opinions, which I have now offered, by 
cases; and perhaps it would not be veiy easy to con- 
firm them by experiments on dogs, for whom Nature, 
with very little assistance^ seems to do so much^If 
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howevcfr, t^jr are idbii;v(4 to be h^^y fyrobalilf i '^nd 
have a tendency to excite a greater degree of attoE^QH 
to this part oi surgery, I shall ikH regret having ven^ 
tured to bring them fQrward* 

It may be expected that J should i^y, of what form 
the ligature ought to be Hiadt: and with what de^^ 
o{ force it should be tipd* Wi^ r^gani to thf 
former, I have little hesitation in sayings that I be^ 
lieve it is best to make it rpijind, smd very firm. As 
lo the degree of force which should be used i^ 
tying it, I shall only observe, that every operator 
i^ould be acquainted with the force necessary to cut 
through the internal and middle coats of an artery; but 
as this force is very slight, and the exteraal co^t of an 
artery is strong enough to allow the ligature to be tied 
tight, without its being cut through; it is better to 
tie the artery tighter than is necessary mierely to cut 
through its inner coats, because we shall thereby more 
certainly keep the cut surfaces in contact; expedite the 
coming away of the ligature; and of course diminish 
die risk of the ulceration extending to the newly 
cicatrized part: nor does there appear to be any r^ju 
son to fear, tl^iat the external coat may ulcerate 
through before the internal coats have adhered, since 
we see from the e^cperiments, that their union is very 
soon effected. Instead, therefore, of this af^rehen* 
sion, let us rather direct our attention to keep 
the limb as quiet as possible, and to guard against 
every means by which the adhesion may be destrpyed- 

There is yet another important consideration which 
it is necessary to notice hoi:^* I ^ude t6 thQ plip* 
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(mg off irfrft U|fttwe« It is;w^ kmmsi tjiat tim 
MQident h9» iiftm happened; and it m^y be ad* 
, duced in confirmation of the .observatif^uft which I 
have offered, on the improper and careless appiica- 
lion of the ligature; for however surgeons mcry en- 
deavour to eKouse themselv^ by referring it t^ th« 
l^Wnt imp^l^e of the blood;* i belieye th«t a candid 
iaqulrer intp the cause of it, wiU find a m\ich movt 
lational and satisfacttoy. lea^plan^ion, either from 
the cHims»nes(s of the ligature, which prevented itk 
lying co9ipact)y and securely roundf the artery; or 
^OB@i it$ not having been applied tight i^ought 
lest it should cut through the coats of the actery too 
soon; or, finally, from its having that very insecure 
bold of the artery, which the deviation from thfl cir- 
cular apf^toatiQii, abot^ alludi^id to^ must neeesdarily 
pcca^ion* It is obvious that these causes may be va^ 
rioiiaJ^ combined in th^ sanle case, and if one b^ 

* To Fe$i^the in^i^ulse of the bipod and prevent its escape) is 
the very first object for which we apply a ligature on an artery, 
and there can be no doubt that, when properly applied, it is fully 
adequate to that purpose; for we are not to suppose that the blood 
Coiltimiet to be impelled against the cxjEi^emky of the artery, With 
the saip^ impetuosity t^iat it cisctiUted tbrougb th^t artery/ previ- 
ous to its being tied: the preceding chapter affords many proofs 
that it does not. I shall not recapitulate them here, but shall only 
beg leave to remind the reader, of the immediate determination of 
blood to the collateral branches; and that it has been observed, that 
there is iio pulsation at, or for some space above, the tied extremi- 
ty of the artery: nor let it be said that this last circumstance de- 
pends on the retraction of the artery, for the fact is, that the prin- 
cipal retraction of the artery takes place as soon as it is divided, 
and if there is any afterwards, it is certainly very little and very 
gradual. See also Note R. 
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Adequate to oecaskm the slippii^ off of the ligaturei 
how much more likely b that event to haj^n, wh«& 
they are so combined. 

From a variety of facts interspersed through these 
ehapters, which it would be tedk)us and unnecessary 
to recapitulate, I am convinced that if an mtery 
is tied in the manner which I have suggested, there 
will be little reason to {ear its being pushed off by the 
impulse of the blood; but if we wish for greater secu* 
rity than that mode of tying can give, we may have 
recourse to one of the modes of practice forma*lj^ 
recommended by Dionis.^ 

The observations which I have hitherto made on se*^ 
condary hemoriiiage, refer to the application of a liga<& 
ture on the extremity of a divided artery, or to caseft 
in which two ligatures have been applied on an sutery^ 
and the'intermediate portion divided. I shall now con- 
sider the circumstances under which it occurs from an 
artery that has .been tied with a single ligature without 
any subsequent division of the vesseL On this subject 
much has lately been said about the retraction of the 
artery, to which the secondary hemorrhage has been 

* .... en pin9ant le bout de Tart^re avec un bee de corbi% ou 
une pincette qui a un anneau pour serrer, qu'on appelle valet i 
patin; puis coulant sur rinstrument, jusques sur Tart^re, un fil 
pr6par6 et nou6, on le sert d'un double nsud} et afin qu'il ne soit 
pas pousse hors de dessus le bout du vaisseau par les pulsations 
continuelles du sahg^ arteriel, il doit y avoir d un des bouts du fil 
une aiguille enfil6e, qu*on passe & travers le^orps du vaisseau^ 
apr^ quoi on assure la ligature par quelques n^euds. Operations 
de Chirurgie, Neuv. Dem. par M. Dionis. 
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^most whoUjr ifaiputed;^ but fixmi what I have seen 
ctf artoies. trotted in this way, it appears difficult tp 
conceive how. retraction of the artery caii have any 
tStct in producing it, or even how it is possible that 
Che artery can retract, when the ligatiu^ has been ap- 
plied immediatoly around it, without including any of 
die surrounding parts; for although the. ligature pro- 
duces ulceration of the parts with which it is in im- 
mediate contact; yet, long before this process com- 
mences, an efiiision of lymph has taken place around 
the parts of the artery near the ligature, and completely 
ccmfines the artery ^o, and incorporates it with the 
surrounding parts. See Chap. IV. Experiment VIII. 
and pi. XIV. fig. 1. 

I hope it will be remembered, that I am only dis- 
cussing the causes of secondary hemorrhage fJcom ^- 
teries treated in this way; as I by no means wi^ it to 
be understood, that I deny the advantage of an artery 
being allowed \ to retract, by dividing it after a liga^ 
ture has been applied on it. It is well known, how- 
ever, that many successful operations for aneurism have 
been performed, by applying a ligature on^the artery 
without any subsequent division of it; and I thmk it 
hi^y probable, that if we could be minutely informed 
of the circumstances of those cases, in which repeated 
seomdary hemorrhages have occurred when the ope- 
ration has been thus performed, we should find the 
hemorrhages referable, either to a diseased state of the 
artery; to the various means which have been employ- 
ed for guarding against hemorrhage, by contrivances to 

• Ste note T. 
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compress i large pfortUm of the artery, oV for remedf • 
ing it, if it should occur, by having a loose tigature 
above that which was tied; or, finally, to the fear of 
producing too speedy an ulceration of the arterjr;* 
in consequence of which the ligature has not been 
applied s^ufficiendy tight to cut through the internal 
and middle coats, so as to fit them for adhesion^ but^ 
on the contrary, has odcaaoned ar gradual ulceration 
through the coats of the artery, and, of course, pr©- 
duced hemorrhage, vi^hicb has returned with greater 
violence as the ulceration advanced. To these caus^ 
may also be added those which have been suggested 
in the preceding part cf this chapter; for they wiM 
operate at least with equal effect on an unc&yided 
artery. 

If these observations are well founded, they certainly 
have a tendency to shoW, that there is not so importanl 
a differences as far as relates to the production of 
t^condary hemorrhage, between an artery's being tied 
with a single ligature, and its being tied with two, and 
divided between them: for the* great advantage of the 
reti^ction of the divided artery within, the cellular 
membrahe seems to be, in a great measure^ if not 
fcompletely compensated, in the (^se pf the undivkled^ 

* I believe it is an kidtibitable fact, that this was, f<ir a long time, 
esteemed by maliy as. one of the laost important considortt&Mis 
in the opei*ation for aneurism; it is therefore highly probable, that, 
in many instances, it occasioned the timid or imperfect mode of ' 
tying the artery, to which I have here alluded, and which, in a 
former patt of this treatise, hds, I trust, been satisfoctorily shown 
to be highly unfavourable to the union of the internal sur&cesof 
the artery, and, of course^ conducive t* secondary hemorrhage. 
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arteiy, by i3at ^ed^ and profme efiiision of lymph, 
which takes place over and round the artery^ at the 
put which has been tied; and which not only secures 
d» pwtions of artery for some distance above and be- 
low the ligature, but, at first, covers even the ligature 
itsifMf which afterwards occasions ulceration through 
this layer of lymph. If it be said that acUial expe- 
rioice drawn from the human subject, is in di- 
'feet opposition to this conclusion; I would refer 
to the treatment which an artery, tied with a 
smgle ligature, has generally undergone, asdetafled 
in the preceding pages. And I mast canctidly confess 
myself disposed u> believe, that the princ^)al, if 
not die only difference, in what relates to the pi^« 
duction of secondary hemorrhage, between an art^ 
which is tied wkh two ligatures and divided between 
them, and one which is tied with ^, sin^e ligature^ 
consists in this, that, in the former, the artery is tied 
close to ti^ part at wl^ch ks connexion with the sur- 
rounding cellular membrane is completer; but, in the 
latter, a considerable ^rtion of the artery is detailed 
from ^e surrounding cellular membrane, and the 
figature applied peiiiaps in the center of this d^^ached 
portion; or if even it be a|^lied at the upper end, 
still tiiere remains a considerable portion of de^ 
tached artery below it: now when we consider, that 
the luteries receive their vesjsels from the surrounding 
oeUular membrane, it must be evident, that if we de- 
prive it of these vessels, it cannot undet^ those 
change which depeiul on vascularity, viz. inflamma- 
tion and adhesion; and, ccmsequet^ly, the ligature 
cannot produce those eff^ts on which the suttcess of 
the c^raticm depends, but the poiti<m of artery 
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dying and bursting or sloughifig, hemorrhage takes 
place: if the ligature be applied on the coiter df 
the detached portion of the artery, when the ^rt^y 
gives way, the hemorrhage will proceed both from 
the upper and lower portions; but if it be applied on 
the vessel at its connexion with the surrounding 
cellular membrane, either above or below, the hem€»r« 
rhage will then proceed from only one part •f the 
artery, which will be that, which has the detached por- 
tion of the artery for its extremity. As the hemor- 
rhage will supervene as soon as the smallest part of 
the artery has given way, of course, it will frequently 
return, and perhaps even prove fatal, before the ar- 
tery is divided into two distinct portions, and hence 
We almost always find the secondary hemorrhage de- 
scribed, as issuing from the artery immediately under 
the ligature. 

- The fact, that the artery is very soon covered and 
surrounded with lymph at the part which has been 
tied, forms no objection to this reasoning, for the 
lymph, which surrounds the artery, is furnished by the 
inflamed vessels of the cellular membrane; but as the 
arteries which supplied the cwts of the arterial trunks 
have been completely divided, they cannot inflame as 
far as that division has extended, and, consequently, a 
ligature applied on that part cannot produce inflam- 
mation and adhesion <of its int^tial surface. It is pos* 
sible, that, in process of time, the vascularity of the 
artery might be restored by vessels from the celluUr 
membrane, passing through the lymph with which the 
artery is surrounded, and extending to its tunics; but 
before it can be efiected, the artery has given way, 
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and secondly hemwrhage has come on. I very 
much doubt, if an artery tied with a single ligature, 
witfaknit a greater detachment of it from the surround- 
ing parts, than the ligature necessarily occasioned,^ 
ivould be more subject to secondary hemorrhage, than 
the artery of an amputated limb, or one on which tw6 
ligatures had bee^ applied, and the intermediate por- 
tion drvided. But as it is extremely difficult to avoid 
detaching the artery, and there is no advantage gained 
by applying a single ligature, it is, undoubtedly, safest 
and best to apply two ligatures, and to divide the ar- 
tery between them. 

Although I scarcely conceive it necessary to notice 
the injudicious practice of including in the ligature 
any of the pans surrounding an artery, yet, as I have 
met with a case, which may, I think, be introduced 
here with considerable eflFect, in illustrating, the ^eat- 
er tendency of that mode of tying arteries to produce 
secondary hemorrhage than the other, I shall avail 
myself of this oppwtunity of quoting it. The case 
is related by Pouteau in the following words: ** Au 
" mois de Septembre 1756, Je liai Partere crurale 
** d'un chien de moyenne grosseur par une ligature 
" qui embrassoit aussi le Nerf du memc nom: Partere 
" ne fut ouverte en aucune fa^on, et on abandonna 
" I'animali lui meme, le quatrieme jour il survint une 
•* hemorrhagic qui s'arreta sans aucun secours, ettere- 
*^parut le lendemain^ et Jut si grande que Panimal. 
^^mourut. En fendant Partere suivant sa longueur, 
^^je la traiwai ouverte^ a sa partie anterieure^ immedi- 
** atement sous les fils de la ligature; il y avoit dans 
" sa cavit6 un caillot d'un rouge pale, d'une consis- 
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^^ twee looyeniie et fait en formct de fiiseau: Pegcir^m^ 
^^ mperieure de ce caiUot Jk^tmi dam Parthre am deum 
^*dela ligature; kpifrtion moyemie etoitUgiremetaadr 
" hhrerue a la partie po$terieure de Cariere qui ^tok sem 
^^ la ligature; la portion ioferieure qui 6toit la plus 
*^fiiV9 flottoit dans Tartere au desious de la ligi^um 
*^ ct coagulum avoit en tout quatre l^nes de longi^ur, 
^< et motns d'une ligiie de diam^re, dans sa plus 
" grande epaisseure."* 

We have seen by the experiments, related in the 
preceding chapter, how extremely difficult it is to pro. 
duce secondary hemorrhage in dogs, when a ligature 
or ligatures are applied immediately around their ar- 
teries; but in this experiment, in which the nerve and, 
no doubt, some cellular membrane were included wttib 
the artery, secondary hemorrhage was very soon pro* 
duced, and to an extent which proved fetal. 

It appears b^hly probable from tl^ result and 
examination of this experiment, that the faitemal and 
m^dle coats of the artery had not been cut through 
by the ligature; fw; if they had, and the ligature Imd 
beentipplied sufficiently t^ht to keep them in contact, 
there can be ik> doubt, that they would have adhored 
to each other long before the fourth day ^ when we 
find the hemorrhage first occurred. But in conse- 
quence of tliat mode of applying the ligatiure, instead 
of its prodiK^ing this efeet,. we>find^ thai it occasioned 
ulceration through the miterior part of the artery, 
which m^st, no do«ibt, have been exposed in the ope- 

* PDmeatt» Mebngea de Chirurg^o^ p. SO. 



ration, and Widi wlmb^ tbetcfoi^, k was directly m 
ccmtiK^; diis ulc^ratAoa was small al first; and hemte the 
first hemorrhage ceased of itself; but having become 
more extensive by the day fidlowiiig, a hemorrhage 
came on, which i^xived fisital* It wmM seem, that die 
ligature had cut through the internal a»d midcUe coato 
of the stftery sufficiently at the posterior piurt, to oeea* 
sion such an adhesive state of their edges, as could 
detain a small quantity of the blood, which was passing 
through it, and hence the formation of the slender 
coagulum which Poiiteau found m. its canal, sEghtljr 
adhering to the internal siuface where the tijgatUTC had 
been applied. 

It certainly appears straqgie that such a man m 
Mr. Pouteau appears to have been, from the Mcuracj 
of his observations, and his fidelity in detaiitmg them* 
of which thisi work has afforded many m^tances^ instead 
of directing his atten^on> in this instance, to the cir^ 
cumstances which had really caused the hemorrhagCi 
shauld have observed, wi^ regard to tt,^ that the clot 
was insufficient to atop the hemorrfai^, aad tibrt tbki 
gave us reason to presume, that it is akiMist always^ $oc 
thus availing himself of this inapplicable experiment^ 
to combat Petit's doctrine of the supi^resaioniof hemor* 
rhage by the formation of a clot 

There is yet another cause of secondary hemorrlMige, 
which, aklu>ugh I have hinted at it osee on twice 
in the preceding parts of this treatise, I have not yet 
represented it in the important point of view which it 
ought to be. I allude to the sudden separation or lace- 
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ration of the recently united parts of an artery by pre- 
n^ture and extraordinary exertions of the patient. 

That newly cicatrized wounds may easily be torn 
asunder, for a certain dme after their uni<Hiy a sufficient 
number of proofs might be adduced, if any were re- 
quired, from the operation for the hare lip; but in 
these, and in other instances of disunited wounds in 
fleshy parts, the united surfaces had been more or less 
broad, and, of course, their adhesion proporfionably 
strong; whereas in the case of a recently united artery, 
the cicatrized part is a mere line, and, consequently, 
weak, and easily torn through: it is, therefore, of the 
utmost importance to keep the limb, a large artery of 
which has been tie<i, in a state of this most perfect rest, 
and to prohibit and guard, as much as possible, against 
the patient's making any sudden or great exertion. In 
the case of amputation which gave rise to Petit's in- 
vention for compressing divided arteries, secondary 
hemorrhage was brought on, on the twenty -first day 
after the operation, by the patient's raising himself 
suddenly and sitting up in bed. On this subject Petit 
makes the following observation: ** Mais dans tous les 
" cas, il est d'une ngcessit6 absolue de procurer un 
" tres grand repos au malade et i la partie coup6e:"* 
in which, however, he seems rather to have had in 
view the perfect formation of the clot, for he after- 
wards adds: "parce qu'en changeant de situation, 
" Pon troubleroit la formation du Caillot."t But the 
remark is not the less valuable and worthy of atten- 

* Petit, Meinoires de TAcad. Sec. de Pann6e 1732. 
t Ibid. ibid. 
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tion; nor. does this allusion to the clot prove that he 
was ignorant of the state of the extremity of the 
artery; for in a former memoir, after describing how 
he conceived the particular figure of the clot, formed 
in an artery that had been tied, would prevent hemor- 
rhage, even though the extremity of the artery should 
ulcerate; he adds: *^ Ce n'est pas la meme chose, 
^^ quand quelque Convulsion, ou quelques autres 
'^ mouvemens violens de la part du mahde, sont la 
" cause de la separation de la ligature; car cette se- 
" paration se fait alors avant la parfaite cl6ture du 
'^ vaisseau, et de plus, le Caillot malgr6 sa figure est 
" pouss6 avec tant de violence, que non seulement, U 
" sort, mais qu'il detruit meme en passant tout <ie 
•' qu'il y a de Reunion commenc6e, et Pouverture du 
'^vaisseau, aussi large qu'auparavant laisse darder le 
** sang comme le premier Jour."* 

* Petit, Mem. de TAcad. &c. de Tana^ 1731. 
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Note A. Page 33. 

Petit mentions^xperiinents made on dogs by Rabel, 
Piot, and others, to prove the power of their styptics 
in stopping hemorrhages^ In many instances, he says, 
they succeeded; but he adds: '* Plusieurs aussi 
^* moururent d'faemoniiagie, je les dissgquai et je 
" trouvois que Partere au lieu d'etre totalement coup6e 
** n'6toit que simplement ouverte." Petit, chirurgien, 
Troisieme Mem. &c. Memoircs de I'Acad. &c. de 
Pann^e 1735, p. 594. 



Note B. Page 86. 

In the memoirs of the Academy of Sciences for the 
year 1732, there is a paper by Monsieur Petit, the 
physician, in which he gives an historical view of the 
various means that have been employed, at different 
times, for the suppression of hemorrhage. In his ac- 
count of the practice of Hippocrates, Galen, and Cel- 
sus, after mentioning that they used astringents, ab- 
sorbents, &c. he adds: ^^ et dans un sang tr^s coulant 
" et pouss6 avec force, ils ont quelquefois coupis en tra- 
** vers les vdisseaux qui ne VStoit pas^ et pour lors les 
^** extr6mit6s des ces vaisseaux, se retirent de chaque 
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^^ cdt6 au dedans des chairs par leur ressort. Ces 
^^ memes chairs comprim6es contres les vaisseaux par 
" des compresses les obligent . d^ se boucher eux- 
" memes. Si la pldye dans la quelle le vaisseau 6toit 
" otwerty itoitjinte par un instrument tranchant^ Us cou- 
" soient leslevres de la play e^ qui venant a se rejoindre 
" Vune avec V autre ^ bouchoit V embouchure du vaisseau^ 



Note C. Page 114. 

Mr. J. Bell, after noticing an interesting case from 
Deschamps, . says: ^^ This case satisfies us of a fact 
" which is proved also by other accidents, (as the 
" aneurism from bleeding), that an artery, wounded 
^> with a small and slit-like wound, though fairly cut, 
" will yet preserve its pulse, and will not bleed." J. 
BelPs Principles of Surgery, p, 434-5. 



Note D. Page 115. 

This circular appearance of transverse wounds will» 
of course, be lost, if the wound is very considerable. It 
appears to have been a very old observation, that 
wounds of arteries are circular; it has been noticed by 
Wiseman, Petit, Monro, and Haller; but I believe, Uiat 
the appearance is confined to punctures or small trans- 
verse wounds of the artery, and depends chiefly on the 
retraction of the divided fibres. A circular wound in 
an artery, must^ as in every other part, be the most 
unfavourable for reunion, and the fact, that transverse 
punctures produce circular wounds, may alone^afford a 
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satis&ctory explanation of a circumstance mentioned 
by Mr. J. Bell: in speaking of simple slanting wounds 
of arteries made by tfie sword, he says: " they were 
** in plain terms cured by adhesion;" . . . • . but 
'^ when, in place of being a simple wound, the 
" artery was punctured, the consequences were often 
" fetel." P. 443, Priadples of Surgery. 



Note E. Page 115. 

Petit, speaking of the treatment of a wounded ar- 
tery, observes: ** Cette espece de Compression qui 
" n'abolit point la fonction dix yaisstau nepeutgueres 
" avoir lieu que dans le cos oil Vouverture de Vartere est 
" mSdiocrey car lorsque le vaisseau est considerablement 
" ouvert, le caillot ne pouvant alors que tres dif- 
" ficilement faire canal avec ce qui en reste, il faut 
" presque tqujours agir de la mime maniire que si le 
" vaisseau Stoit totalement coupe y c'est a dire, qu'il faut 
" entierement boucher le canal, et empecher que le 
^^ sang y passe; si I'on vouloit dans ce cas comprimer 
" foiblement, le sang chasseroit continuellement le 
" caillot, et Ph6morrhagie subsisteroit. II n'en est 
" pas de meme lorsqu'il n'y a que le quart, et enCore 
" mieux le cinquieme ou la sixieme partie du vaisseau 
" qui soit ouverte; alors le caillot pouvant etre soutenu 
" par un bandage mod6r6 ne sera point chass6, et 
" bouchera Pouverture pendant que le sang coulera 
" dans le vaisseau presque a I'ordinaire." Petit, Me- 
moires de PAcad. Roy. des Sciences de Pann6e 1735. 
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Kdte F. Page 116. 

There om be no doubt, that this tuberck of ijisph 
is formed in every instance in wfaidi an artery is 
wounded; and tbit although a laceratidn of it, at its 
weakest part, occasions the formation of aneurism, as 
has been already described, yet that, by an accurate 
examinaticHi, it may always be found adhering to the 
artery: thus Trew, in giving an account of an opera- 
tion for spurious aneurism, at which he was present, 
after observing that the operator cut into the tumour, 
and cleared out coagula and grumous blood, adds: 
" Posthaec magis magisque totam cavitatem i grumis 
^^ dig^torum ope purgabat, M deniquCy quendam paulo 
^^Jtrndus ad locum arteria adharentetny et aUter con/or- 
^* matum protrahebat^ illi, quam Domini janenses in 
** casu superius exposito offenderunt, valde similemt 
^^ artictdum digiti tnagnitudine aquantemj sanguine con- 
" grumato palli(Uorem et quasi membranosum.'*^ Trew, 
Aneur. spur. Lauth. Collect, p. 562. 

In this quotation, mention is made of this tubercle 
of lymph adhering to the artery in two instances, in 
which the operation tot aneurism had been performed. 
The case to which Trew alludes, is one which had 
just before been quoted from Teichmeyer and Ham- 
bergerus, in which it is said, that after the aneurismal 
sac was cut open, and the coagulated and some fetid 
blood cleared out, " Apparuit tunc globus ex came 
** membranosus superficiei inaequalis, arteriae adhs- 
" reus, diametri duorum ^gitorum." Lauth. Col- 
lect, p. 554. 
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Note G. Fbge 118. 

Sicoo tciUcet qoem dicing anamsmati com san- 
guis eSiisiis obAickur, qui ttnen Qi]ganiaim non pro- 
dit textum, et nollateiuis a dSatatd, ut craunuiiiter 
credtmt, aiteriS ipsi or^nem suam tr^hit; earn enim 
in fttocutique amurismate spmio^ naturakm suutn 
retmere tMametrum^ et vulnuscukmi ipsam sub tu- 
iBoris fiormatioBe emdem quam sub prkno mflkta ac- 
ciperat, aervare exteusioneniy tmn aliorum, inter 
quos CeL Teichmeyer, Alexander, et Don. Moopro, 
De Haen, Aerel et Richter nominasse sufficiat, quam 
mea ipsa in vivis operatioui subjectis, atque etiam 
alio post operationem eltincto iexperientia edocuit. 
Murray, Lauth. Collect p. 502. 



Note H. Page 118. 

LancisiuSi after speaking of the causes which pre- 
yei^ the reunion of wounds in arteries, says: ^* cum 
statim ac coire coeperint, sanguinis impulsu divulsa, 
removeantur gkitine di^juncto adhuc molli et infirmo. 
Lanci&iuS) Lauth. Collect, p. 16. prop. 11. 

Murray also, after giving a similar account, or ra- 
ther quoting Petit's description of the manner in 
which hemorrhage- from a wounded artery is stopped, 
says: '^Nonnunquam vero istud coagulum in ipsa 
"arteriae apertura non hasret^ sed extra illam, quando 
** major sanguinis cppia effusa in cellulositate va*? 
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'^ revinciente congeriture, tumque operculum illud in- 
^^ organicum, ladus extensum, firmius licet a circum- 
^'jacentibus partibus et tela ceUulari immixtd ful- 
^^mentum accipiat, minus flumini resistere potest. 
^' Kvo scilicet extrorsum protradente^ in membrana 
^'adsitia laxati, quum q>sius vasis parietes minorem 
''jam persentrant pressionem, cavum quoddam quasi 
'' exculpitur a coagulato nigra sanguine indies ampli* 
*^ ficandum. Sed si urgenti flumini minus' cedit tumor, ' 
'' rumpitur pseudomembrana et sanguinis exuberans. 
'' quantitas quae imprimis saccum distenderat extrn 
^' saccum eiunditur." Murray de Aneurismat. Lautb. 
Collect, p. 503. , 



Note I. Page 119. 

Ex his aperte intelligitur arteriarum vulnera cura- 
tionem facile, obducta cicatrice, admissura si eorum 
labia inter se admota atque conjuncta, probe apten- 
tur, ac diutius in eo situ contineantur, interim 
vero uni curatur, ne sanguis ad affectam partem 
impellat, vel saltem ut ipsius impetus quoad fieri 
poterit infringatur ac debilitetur: hac enim ratione 
succus qui ex tunicarum fibris sponte manat nutri- 
tioni idoneus sensim coalescet, ac inflictam {dagam 
glutinabit. Lancisius, Lauth. Collect, p. 15. prop. 11. 



Note J. Page 119. 

Garengeot, after describing the 'manner of dressing 
^ wounded artery with cheweii paper, compresses, 
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*c. adds: " Quapd la charpie est tomb6e, ct k pe<it 
"morceau de papier inach6, on apper^oit a Vartere 
" un endroit blanchdtre oil le battement paroit plus ^en- 
^^sible; c^est la P endroit oil Stoit la dwision quHl nejaut 
^^pas hisser long temps decouvert.^^ Trait6 des Ope- 
rations, vol. III. p. 248. 

On this subject Murray observes: " Sed neque 
"desunt exempla vulnerum arteriae ejusdem recen- 
" tium, et nuUo Aneurysmate conjunctorum, solS 
" compressione et aptd externum deligatione consbli- 
** datorum," Murray, Lauth. Collect, p. 540. 

" In recentissimt arteries vulneratione, nullo adhuc 
^'formato aneurysmate, deligatio apta ab initio eo 
** lubentius tentanda, cum millena testentur exempla, 
'^ arterias lanceold apertas hoc modo fiicillime fuisse 
** consolidatas." Ibid. p. 343. 

After noticing many interesting facts on this subject, 
Trew makes the following observation: " Caeterum 
"nemo de perfectione ejusmodi curationis dubitabit 
" qui corisiderat omnium consensu, non solum possi- 
" bile declaratum,i;drwm etiamexperientid satis compro- 
** batum esse, arteria vulnus sold compressione sanari 
^^ posse, quamdiu sanguis extravasatus fluxilis adhuc 
" est et in alvum suum reduci potest.'* Trew, Lauth. 
Collect, p. 580. The latter part of this quotation is 
true, though, perhaps, not exactly in the sense which 
he means; for, with regard to the healing being pos- 
sible, " quamdiu sanguis, &c." he must be under- 
stood merely that it is possible, if the proper means 
are used, in the recent state of the wound; and not 
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&at die returh of tlie extravasted Uodd into the 
artery cduld be effisc^d, cr oould infiuetice its re- 
tmioii. 



Note K. Page 119. 

The various parts of the following very interesting 
oa^et will be found to illustrate and eonfirm many of 
^ most important parts of this chapter. It is not in^ 
troduced for the purpose of recommending this mode 
of treating wounded arteries, but that the necessi^ 
for continuing the pressure on the wounded p^ for 
some time after it has healed, may be rendered suffi- 
cienUy obvious, and that the uncertainty of tius mode 
of treating them may be more manifest 

In order to be as conciise as possible, t have quoted 
the case only partially, and hope, that the import^mce 
of it, ti^ authority from which it is derivedi, and its 
beii^ so very apposite to our present puipose, will 
render any apologjr for its length unnecessary. 
" L'Aneurisme dont il gtoit question, iStoit cwsS par 
"I'ouverturc de Tartere i I'occasion d^une ssugn^c 
^* . . . • iP* (the patient) ^^ nous apprit q^e dans I'instant 
'^ de la saign^e le sang avoit dardi par s6cousses, que 
*^ le chirurgien avoit eu bemiooup die peine i I'arreter; 
*^ qu'il avoit doubl6 et tripl6 les compresses et le ban- 
" dage, qu'il lui avoit recommend^ le Repos, surtout 
^^ celui du bras; qu'il lui fit plusieurs saign6es en con- 
" sequence, et lui prescrivit un regime tres severe 
aussi fit U ce qu'il put pour y remedler, et il 
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^^ eut I'avaat^ge die r^us^ir. JJarftre et la plate extS- 
^^ rieure $e fermerent; le malade ^toit en voie de 
'^ guSrison^ et il s^roit gulri^ $elon toute apparence, 
^' s'il avoit continue les remedes, mais au bout de 
^^douzejourSf il quitta son bandage. Deux ou trqis 
^^joufB apresl'avoir quitt^, il s'appergut d^une petite 
^^gr^$$e%tr moUe et accompagnSe de pulsation, mais 
^* qui reatroit en la pressant. Ayant fait un effort huit 
^^ou dix jour$ apre3, il sentit de la douleur a son 
^^ bras; sur le champs la petite tumeur devint beau- 
"coup plus grosse." The bandages, &c. were again 
applied, but the tumour c<Hitinued to increase. Petit 
operated on the man, and says: " Lorsque la peau 
^^ fut $uffi$amment ouverte je trouvois beaucoup de 
^^ saiig tres noir" and a succession of coagula, which 
were ghidually less and less black, the nearer he ap^ 
proached to the artery, but he adds, they were ^' si 
^^ ferme et si soUde que ceux qui n'ont point fait, pu 
" vij feire I'operation de cette espece (I'^uieurisme, 
^^ auront pu prendre cet amas de caiUots ponr de.la 
^^ chair, s'ils ne s'en fussent rapport6s qu'i sa couleur 
"et i sa consistence. Je passai inon doigt autour de 
" cette masse de caillots, je la d6tachai entierement 
" et aveejacilit^j excepte aVendroit placS surPouver- 
" ture de Vartere^ a la quelle^ eUe Hoitfort adherente; 
" ce fut alors que le corps de Partere parut a decou- 
" vert de la longueur d'un pouce. Dans le milieu de 
" cette 6tendue 6toitPouverture ou Pincision qu'avoit 
"fait la lancette; cette incision qui 6toit obKque 
" avoit au moins la longueur de trois lignes." ..... 
He found that the coagula differed in their degree 
of solidity. " Le pius dur couvroit immediatement 
" Pouverture de Partere, lesang continuellement poiisse 
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'^ contre ce caiUot^ lorsqu^il Stoit encore trap moupour 
" hit risister^ en avoit forme un espece 'de poche on ap- 
^^pendice, dans la quelle le sang entroit, et de la quelle 
" 21 chaque pulsaticm il sortoit en partie et rentroit dans 
" Partere, de la meme maniere que le sang entre et 
" sorte de la poche qui forme I'aneurisme par dilata- 
" tion. Cette appendice etoit aussi grande que la coqwMe 
^^ d^une grosse noisette; et eUe etoit fort adhSrente au 
" bords de Pouverture^ et a la partie extSrieurede Var- 
" tere mime. Sa surface interne 6toit lisse et polie, 
"comme Pint6rieure de tousles vaisseaux sanguins. 
" Sa surface ext6rieure €toit adherente avec le se- 
" cond caillot. Le caillot du malade dont il s'agit 
" avoit deja de fortes adherences avec les bords et \t 
" vassinage de Pouverture; il avoit assez de solidit6 
" pour r6sister aux impulsions du sang, et il y a 
" r6sist6 tant qu'elles ont 6t6 moder6es, et que 
** le caillot a 6t6 soutenu par le bandage," but the not 
having used the necessary precautions long enough, 
"ce caillot encore trop foible, n'6tant plus soutenu a 
" 6t6 forc6 d'ob6ir a Timpulsion du sang, qui Pa 6tendu 
" peu i peu et en a formS la poche. En faisant Pope- 
" ration j'ai trouv6 cette poche ou caillot encore adh6- 
*f rente i toute la circonference de Pouverture de Par- 
" tere except^ a un point du quel il n'avoit 6t6 detachS 
" que par PeflFort considerable que fit le malade douze 
** jours apres avoir quitt6 son bandage. C'est par ce 
" point de separation que sortit le sang qui forma le 
" second caillot, et c'est par cette ouverture bouchSe 
" par ce second caillot, mais r6nouvell6e a sept ou huit 
" differentes reprises 61oign6es de plusieurs jours les 
" uhes des autres, qu'est sorti le sang qui a form6 les 
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** septs ou huits caillots qui composoient la tuimeur, 
" Petit, M6in. de I' Acad. Roy. des Sciences de l'ann6r 
" 1736, 8vo. edit. p. 350, &c." 



:,^ .NqteL. Page 119. 

It is unnecessary for me to point out the difficulty 
wifiich must attend an attempt to compress a wounded 
artery, so as to keep its lips in contact, and at the 
same time neither obliterate its canal, obstruct the cir- 
culation! through the limb, nor aflFect the return of 
blood oy the veins, so as to produce tumefaction, and 
tlie well known traii> of evils thence ensuing. It is 
sufficiently obvious, that the difficulty will not only be 
very great in every case, but that in some parts of 
very muscular or fat people, it will be absolutely 
impossible. 

I request the reader will refer to the commence- 
ment of the passage, quoted from Petit in note E. 
Murray also informs us, that if too much pressure is 
made, the artery will be obliterated, and if '* qualis 
" ad scopum obtinendum requiritur,'' the patient is in 
constant danger of fatal hemorrhage. The same au- 
thor in speaking of what he calls the aneurysma conse- 
cutivum says, that if the bandages which had been ap- 
plied to suppress the hemorrhage from a wounded ar- 
tery are removed " antequam ipsae vasculi membranae 
" coalescerunt; vel aeger nimis cito articulum moverc 
" incipit, guttulae sanguinis paulatim per aperturam 
" minorem vasis elabuntur.'' Murray Lauth. Collect. 
p. 502. 
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Note M . Page lAI. 

Even this fact has been most accurately described 
by Morand, and in justice to him, as wdi as to ac- 
complish the important object of showing, that the 
same circumstances take place in the arteries of the 
human subject, as in those of brutes, I shall quote 
his account of it. 

After describing the state of the coagulum in an am- 
putated limb to be just such as Petit had said it was> 
and, indeed, giving a similar plate of it, he says: 
" Dans cet etat, il represente assez bien la moiti6 d'uri 
^^ fuseau," and proceeds to explain, that it has this 
figure in consequence of the blood at the extremity of 
the artery being most at rest, and forming the thickest 
part, whereas towards the upper part of the vessel the 
coagulum is smaller and pointed, because the blood is 
there more in motion. He adds: " Tel est l'6tat du 
*' caillotqu'on trouvedans I'artere les premieres jours 
'^ apres I'amput^tion, mds le sang cessant peu-i-peu 
" d'aborder Pextr6mit6 du vaisseau qui s'est cicatris6 
^^ par Tapplatissement ou le froncement; en faisant 
" route par les embouchures des vaisseaux coUateraux; 
*^ les parois de I'artere s'approchent de plus en plus de 
" son axe, le vaisseau en se r6tr6ciisant* au dessus 
'^ du bout cicatris6, devient un cone dont la point est 

* Morand seems to hare used " r6tr6cissant** here te signify 
contracting. 
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" la- cicatrice, et le caillot comprim6 devient vers la 
" cicatrice un peu plus pointu qu'il n'gtoit; enBn la 
*' capacit6 de Partere s'oblitere tawt a fait daijs une 
" gtendue plus ou moins grande; et degenere en une 
" espece de ligtm^ot; et <}omme k QwUot a tonjoprs 
" e^seni de plw<nptosd^U p<«i«fj4iiogii^vwi^ 
"base, H Vamiwife peu^^^^peu ;et f^an6a»tiii pgr 1^ 
•f swites-'v Mgrand, M|», de PAwJ. »Qy..4ei« 
S*wnc^ feij.de i'wing^, 17^" 



,. .Np^e-N^JP^-lsa. ./' ,/ 

Filo interrupi arteriam aliquam in mesenterio, 
cohtinuo sanguis quievit in arteria: et globufi nuiiie- 
. rosi in meciio truncnlo absque ullo ejus tumor e ad locum 
vincuU usque congesti adparuerunt. Trunci ligati par- 
tem cordi propriorem detexi, vidi in Rgatum ramum 
sanguinem nullum subire^ neque contra quiescentem san- 
guinem nitty omnemque in aliurh ramum declinare. — 
Sensim vero de arteria ligatd sanguis coUectus ita refugit 
ut nuUus supra,vinculum smguis manerety sub lino vero 
copiosior et stagnans sUperesse. Halleri Op. Min. 
voI,» I., exp. 54. This lejcperiment wajs repc;atcd thrice, 
wd HaHcr <^erves: ^' £xperim^ntum taoien 54 
t^ ostendk obstruotas iarterias ipinime <i ratione qua 
*^ pleriqiie iheori» niedie^ auptor^s scr^pscra»t into- 
" mesc^re 0t dJ^tendi; et aasi|giij«]^jeii9» potiiii^ q^i cmi'^ 
^ immi€i>rdis vi^emitiitur, reiictiset4esertis vasis qiu« 
'^ ininieabilia i^sistuati in ea vaisa transif^, i^u^ li« 
^^ bera> nodam si corde advenientem admittunt." 
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' Note O. Page 159. 

Artfriatn grandiorem diu cohsidersvi. Cum pri- 
muin oeulam ^Uitberem, membrana dupio, qtiam 
lumen t in atxV'cra^sior fuit; nempe* lumen fuit ad 
membfanks utiitKfue accumbentes, uti tertia pars 
diametri ad totam diametruth. Veram ca crassities 
mutabilis est. Celeriori paulatim sanguinis motu 
nato, sensim parietum crassities diminuta est, et 
lumen auctuita, ut demum quadruple, membranarum 
crassitiem superaret. Hsdleti Oper. Minor. Exp. 92. 

9^. Diversam rationem in luminis ad parietes ra- 
tione esse, et nonnunquam multum superare pari- 
etes maxime in debili animale, deinde aequari, sus- 
citato sanguinis circulo, tandem Superare lumen. 
Ibid, page 88. 



Note P. Page 159. 

Quand ces obstacles bouchent quelques vaisseaux, 
le sang doit se detoumer, et se jetter dans les tuyaux 
lateraiix; c'est ce qui est 6galement prouv6 par le 
t6moignage des yeux, de I'expgrience^ etde la raison. 
Dans un animal vivant done, si on examine les vais- 
seaux avec le microscope, on voit que le sang arrets 
dans im filet art6riel se jette avec plus de force dans 
les tuyaux voisins. Lorsqu'on lie une grosse branche, 
les branches voisines battent avec plus de force. J'ai 
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1169 dit Schwenke, une aitere, il passoit plus de sang 
par les vaisseaux les plus proches;, ceum-qui aupatavant 
se dSroboient aux yeux devient sensibles; une arte^^f 
6tant li6ey dit le m^me auteur, un rameau lateral, et fort 
petit devient quelquefois egal a I'artere'qu'on a* li6e. 
SenaCy Trait6 du Coeur. 

As it is to be wi^ed, that when an experiment has 
been once performed, and found not to lead to' any ^ 
useful conclusion, it should never be repeated,* ^ I 
hope I shall be excused for introducing here the fol- 
lowing quotation, which Senac has given from Van 
Swieten '* Ayant ouvert, dit il, (Van Swieten) le ventre 
^* d'un chien, je liai le tronc de Taorte d6scendahte; 
^Me sang des parties inf6rieures pouss6 paries efforts 
" de I'animal r6montoient vers, le cceiir avec plus de 
" force, mais Paorte 6tant li6e il ne pouvoit pas r6ve* 
" nir une seuk goutte dans ces partie^; I'animal* 
"etoit extremement agit6, les palpitations du coeur 
" 6toient violentes, les yeux couvertes de sang se jet- 
" toient pour ainsi dire hors de la tete; la kngue gon- 
" fl6e de me me par le sang, sortoit de la gueule, qui 
" 6toit rempli d'6cume; la mort suivit bientdt ces 
" violens mouvomens." Senac, Traitg du Coeur. 



Note Q. Page 163. 

It is with singular pleasure that I quote the follow- 
ing very interesting case from Petit, because it points 
out, that the changes, produced in an artery in con- 
sequence of an obstruction of the circulation through 
it, arc precisely the same in man as in brutes; but in 



this ioltance it af^eairs to have beed ukiinaidy at- 
tended with fatal consequences. There are, howevor, 
many passages ia the httix)r)r of the case, which point 
out, that the maxk was imemperate* It may^ there? 
fore, be dbubted whethet* his death should be wholly 
attributed to the effects which finally resulted from 
that obstruction: on the contrary, it is not unreason- 
able to i suppose, that rigid temperance and early at- 
twtioD to the symptoms with which he was a&cted, 
might have preserrad his life. 

The cise is as follows: a man had an aneurism, 
of the^size of a pigeon^s e^, on the ri^ side^ just 
umler the angle of the lower ym. Bloodletting 
^id strict regimen were ordered; and exercise was 
fopUdden. In three months the tumour dimini^ed 
to half its size, and, although be then lived freelf , 
it ^sbalfy disappeared. At the end of two or &iee 
yem*s, Petit felt " un petit nceud, ce nceud 6toit 
" fort dur." The disease had left no otl^r inccm- 
venience, than that of occasioning the man to pro- 
nounce with a little difficulQr, <^ de begayer un 
'^peu et d'arcHr la bouche habituellement remplii^ 
" de saliva.'' Seven years passed away without 
any- accident, but it was easy to perceive, " que sa 
" bouche 6toit innond6e d'une plus grande quantite 
"de salive, et que la pronunciation 6toit plus dif- 
"ficile." About this time he was seized with apo- 
plexy, of which he died in a few days. " On avoit 
" observe dans les trois ou quatre jours qui avoient 
" prec6d6 cette-attaque, qu'il etoit comme une pcr- 
** sohne ivre, qu'il ne raisonnoit pas juste, et que 



201 

^^ d'une moment i Pautre U ne se souvenoit pas dece 
" qu'il venoit de dire ou faire." 

On examination after death, Petit found: " Le 
" c6te droit du cerveau gtoit convert d'une s^rocit^ 
** sanguinolente, sous cet 6panchement le cerveau 
" 6toit sain, il n'y avoit aucun epanchement a Pext6- 
" Tieur du cot6 oppose, mais en ouvrant le ventricule 
*' sup^rieur, il en sortit environ cinq ou six onces de 
" sang dissous, et il resta un caillot de sang coagule, 
" de la grosseur d'un petit oeuf de poule, &c. cette 
" concretion de sang cachoit une ample et profonde 
** crevasse qui s*6toit faite dans la substance memc du 
^* cerveau a TendroitdesignS. Du cot6 gauche, c'est 
" a dire, du meme c6t6 ou tout ce desordre s'6toit 
" op6r6, Part ire carotide^ et les branches qui en pren- 
" nent naissance^ nous ont paru avoir un tiers plus de 

^^ calibre que dans P Stat naturel Tartere carotide 

" droit 6toit complitement oblitSrie depuissa separation 
^* de Partire souclaviere droite jusqu*a sa division en 
" deux branches prmcipales^ ce qui r6pond i pen pres a 
" Pangle de la machoire inf6rieure; en se bouchant 
** tout-sl-fait, cette artere (Jtti est ordinairement grosse 
•* comme le bout du petit doigt, s^etoit convertie en un 
" cordon grSle, dans rint6rieur du quel on ne distin- 
." guoit aucune trace de conduit, etce cordon pouvoit 
** avoir deux lignes de diamitre. II y avoit dans le bas 
" de cette artere, precisement i I'endroit oil elle nait 
" de la souclaviere droite, un petit sac aneurismal^^^^^ 
" gros comme un noix muscade ordinaire, sa tuniquc^ 
" etoit fort mince, et rint6rieur de sa cavit6 6toil 
" rempli par une matiere en partie graisseuse, e^. 

2 E 
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•* partie semblable d du-sangdess6ch6, on distingnoit 
" encore Pouverture par la quelle, avant Poblitcration 
" de Partere ce sac communiquoit avec la cavitg de 
" Partere elle-mSme; celle ouverture 6toit fort petite. 
** Enfin, i la place de la tumeur ci-dessus d6crite, il 
" se trouvoit un noeud dur, oblong, gros commc le 
" noyau d'une olive, et qui n'avoit aucune cavitfi a 
•* Pinterieur.*' Petit, Chirurg. M6m. de PAcad. 
Roy. des Sciences de Panngc 1765, 8vo edit. p. 
758—773. 



Note R. Page 163. 

I believe that this fact has never been denied at 
tveiL doubted by any one except Monsieur Mauooir, 
who says: ^^ II ne faut pas penser, comme on Pa 
^^ avanc6, que quelque temps apres une c^gration 
^^ d^aneorisme qui aura r6usaie, on p«iisse trouver les 
^^ arteres coUateraks sup6rieures au lieu dfelal^ture 
^^ augmenties visiblemeni dans leur diametre, parce 
^^ que cette augmentation, ne se borne pas si une, 
^^ deux, ou trois arteres, mais sc partage entire toutes 
<< ceUes qui appartiennent au membre op6r6, petites 
^^ et grosses en rgmcmtant jusqu'st Paorte.'* JMbunoir^ 
M6moireB sur Psuieurisme, p. 78. Contrast this note 
with Note P. 



Note S. Page 163. 

It is difficult to conceive how any one, who had 
observed the obliteration of an artery which had been 
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tiedy could form an idea of the regeneration of the 
obliterated portion. Monsieur Maunoir, however^ 
seems very sanguine on this subject, and relates th^ 
following examination of an experiment, which ht 
made on the right carotid of a fox, by tying tvro liga* 
tures on it, and cutting betw^een them. " Cette arteie 
<< qui avoit 6t6 liee plus haut que la gauche, se tenm«> 
^' noit a huit centimetres au dessus de la naissance de 
" la vertebrale par une extrSmitS arroncUe, pleine 
^^ d'injection, et dont le diametre etoit semUable i, 
" celui du reste de Tartere; de cette extrimite mousse 
^^partoit un tris petit vaisseau (Pun mUlemetre de dta- 
** metre y ou environ, qui se d^rigeoit vers le bout su- 
"pgrieur de Tartere coupee et s*y anastomosoit." 
The author does not say, that the small vessel, ex- 
tending from one extremity of the artery to the other, 
was filled with injection; but adds: ** Ce petit hi- 
" mean qui 6tablit une communication cntre les deux 
" bouts de Tartere coup8e, ne ptciertte il pjis une faite 
** tres extraordinaire, et d'apres le quel, on pournut 
** droire i la r6g6neration des artfercs? Nous ^'oydns 
" que cette r6g6ncration est tres lente dans les tierfs; 
*^ peut'itre est elle encore plus lente dans ksi vaisseau^ 
** sanguins; peut-eh^ n'est il pas aucune organe qui ne 
"soit plus ou moins susceptible de reproduction/' 
Maunoir, Memoires sur PAneurisme. 

Mr. Maunoir observes, that the reproductldn of 
arteries may be slower than that of nerves. But in 
the course of a short time after the artery has been 
tied, the circulation through the limb is completely 
re-established by the anastomosing vessels, so that the 
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uecessky fw the regeneration of the artery is com- 
pletely done away; and so far from an obliterated 
portion of artery being restored after a great length 
of time, the fact invariably hj that, until the tied 
portion has become obliterated to the first branches, 
above and below it, the longer the period at which it 
is examined, after having been tied, the further ad- 
vanced it is found to be in a ptbcess directly the re-^ 
verse of regeneration, i. e. a jH-ocess of contraction 
and obliteration. 



Note T. Page 175. 

Nous allons voir que cette difference* est consi- 
derable, et que les h6morrhagies secondaires doivent 
etre attributes a cette action retractile des arteres. 
Maunoir sur I'Aneu. &c. p. 9. 

Les 'Hemorrhagies qui surviennent apres I'opera- 
tion de I'aneurisme, sont la suite de la rupture 
de Tartere sous la ligature, rupture qui est deter- 
min6e par cette tendance i la retraction des tuniques 
de Partere mise en activit6 par la presence de la 
ligature. 

On ne voit pas jamais d'hemorrhagie dans ces ope- 
rations,t. parce que Partere est libre de se retirer 

* The difference in the retraction of an artery in the dead and 
living Slates, 
t Amputations. 



/^ 
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dans les chairs,, cette retraction qui a toujours lieu, 
rend presque nuUe Paction de la> ligature sat Partere. 
Ibad. p. 76, 77. : 

Que I'artere affect6e d'aneurisme ressemUe i £a 
Gorde de violon; que la ligature appliqu6e sur cette 
artere entiere est la cause affbiblissante, ou pour inieux 
dire, la cause irritante, qui augmentant sa tendauce si 
se retracter en cet endroit d^terminera sa rupture. Et 
vice versa, il 6toit facile de voir que Partere f6- 
morale lige dans Pamputation ne se rompoit pas, 
parce que la ligature ne pouvoit etre une cause de 
rupture pour une artere libre de se retirer dans 
les chairs. Maunoir, MJSmoires sur PAneurisme, 
&c. p. 83. 

.An artery that has been tied cannot, with propriety, 
be compared to a " corde de violon," and it would 
be as difficult for the author to show how a ligature 
can augment the tendency of an artery to retract. 
If it cut through the artery before it was confined by 
lymph, it might allow its tendency to retract to have 
eflfect; but it is difficult to conceive how it could in- 
crease that tendency. Nor is it easier to understand 
how the retraction of the artery should render " nuUe 
** Paction de la ligature sur Partere," although it is 
readily granted, that the retraction of the artery may 
greatly contribute to prevent secondary hemorrhage. 
The advantages of this retractile power in the arteries, 
were long ago noticed and even overrated by Senac. 
" C'est de ce raccourcissement, que depend les efiets 
^< des astringents, lorsqu'ils ferment les ouvertures des 
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^^arteres; ces vaisseaux en se raccourcissant ^pli- 
^^quent ka bonds separ6s I'un i Pautre: de meme 
^< dans les blessures, les arteres coup6es se raccour- 
<< cissent, et se cachent dans le tissu des chairs qui 
^'lescompriment; t'est cette comprescacm qui arrete 
^^ le san|;." Senac, sur le Coeur, voL II. chap. vii. 
p. SOI. 



Fig. 1. 




PLATE I. 

e Fig. 2. a 




Fig. 3. a 





EXPLANATION OP THE PLATES. 



N. B. The plates of this edition are engraved on wood b7 Mr. 
William Mason, of Philadelphia. 



PLATE I. 

Fig. 1 . Represents the portion (next the head) of tfa^ 
carotid artery of a horse after a division of that arteiy^ 
Tl^ee important circumstances are shown-^^the con- 
traction of its truncated extremity, its retractioii 
within its sheath, and its sheath and the contiauoiis 
cellular membrane very extensively injected witii 
blood; but the hemorrhage was so rapid, that before 
a coagulum could be formed in the c»ml of the 3heatb, 
it proved fatal. See Chap. I. Sect. II. Exp. I. 

6. The carotid artery cut open, showing a contrac- 
tion at the part where the division had been n^de, and 
a little way above it. • 

c. A portion of the sheath of the artery injected 
with blood, and within which the artery has retracted. 
The cellular membrane connected with the sheath is 
completely filled up with Wood. 

d. The aperture of the sheath through which the 
blood escaped from the arter5\ 

e. ^. The Parvagum. 
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Fig. 2. Represents the portion of the carotid artery 
of a horse that had been divided. Another circum- 
stance, and one that is more important, in addition to 
the three shown in fig. 1, is represented, viz. a coagu- 
lum partly formed in the canal left in the sheath by 
the retraction of the arteiy, but not so perfectly 
as to stop the hemorrhage. See Chap. I. Sect. II. 
Exp. III. 

a. The portion of the carotid artery next the head 
very much contracted, particularly at the divided 
part. This great contraction of the artery, in all 
probability, was not owing merely to the division of 
the , arter}% but was, in part, to be attributed to an 
operation, which it had undergone two or three days 
previous to its division, and by which its canal, be- 
tween the head and the divided part, had been ren- 
dered impervious. It is probable, therefore, that the 
portioa of artery near the obstructed part had already 
undergone some diminution of size: at any rate, as 
blood could not pass through the portion of artery a, 
which was between the obstructed part of the canal, 
and the point of division, it would beat perfect liberty 
to contract. 

b. The portion of the carotid and its sheath next 
the heart cut open. The extremfty of the artery 
much contracted; its sheath, and the cellular mem- 
brane surrounding it, very much filled with blood. 

c. Points out, first, the distance between the re- 
tracted portions of the artery; secondly, a coagulum, 
partly formed, in the canal made in the sheath by the 
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retraction of the artery^ which canal has bew cut 
open to show this clot: for the sak^' of dist^ictioti, i 
shall hereafter call it the external coagulurh. The 
external coagulum is of a conical figure; its baise Ijitig 
at the mouth of the portion of the artery A, but it i^ 
not of sufficient size to close the artery. It communi- 
cates with the blood effiised between the arttffy audits 
sheath. 

Figf 3. Represents the superior portion of ithe fcr 
moral artery of a dog^six hours after it had b^n di-. 
vided. The external coagulum is ^omplbtely forfned. 
See Chap. L Sect. Hi Exp^ X. 

fl. The porttoB of >the femoral iirtery where it^passcs 
out of the abdomen under Poupart's ligament. The 
extremiQF of it- is cut open to discoVerthe'exi(6t poiht 
at whi(^ the -artery terminates/and the external coa- 
gulum commenced. 

b. The external* coaguhmi adhering rto the eild of 
.the arteiy, at^ extendifeg^bfeyoiul it, supported by tl* 
sheathe It has for 'a cetPtsfin^ ^patie a sKgbtlJr bonical 
form, but just beyond its smallest part it; swells out 
again to a considerable size, and turns forward at e, 
which marks the part where it was separated from the 
clot that lay in the wound, and covered both it and 
the extremity of the artery. 

c c. The sheath separated from its artery by e£fused 
blood, but below it embraces the external coagulum. 

2 F 



210 

dd. The end of the artery retracted some way within 
its sheath, and adhering to the external coagulum. 

Next in order to Fig. 3, should follow Plates II. 
and IIL Fig. 4. being misplaced. 

Fig 4. Represents the femoral artery of a dog nine 
days after its division. The extremity of each portion 
of artery is closed with lymph, to which the internal 
coagulum adheres. The external coagulum of the in- 
ferior portion, and also the greater part of that of the' 
superior, have been absorbed, or removed, by some na- 
tural means. See Chap. I. Sect. IL Exp. XIX. 

a a. The portions of the artery cut open. 

bd. The internal coagula of blood, neither filling 
Up the canal of the artery, nor adhering, except to 
the newly-cicatrized extremities of the artery. 

c. A small whitish substance, of the consistence of 
jelly, projecting from the closed extremity of the ar- 
tery, and being, in all probability, the remains of the 
external coagulum. 



Fig. 1. 



Fig. 2. 




rf„. 
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PLATE II. 

Fig 1. Represents a portion of the catotid artery 
of a horse six hours after it had been divided. The 
artery, its sheath, and the external coagulum are cut 
open. This particular section prevents the sheath 
from being seen, as it has not been separated, and, 
therefore, is not to be distinguished from the rest of the 
cellular membrane, every part of which around the 
artery is equally distended with blood; but the ex- 
tent of the external coagulum, formed in the canal of 
the sheath, is here marked, and still more strongly in 
the preparation, by a difference of colour: this dif- 
ference is most striking where the coagulum is applied 
to the divided extremity of the artery, to which it 
firmly adheres. This tipper portion of the external 
coagulum appears to be coagulated lymph. Above, 
the base of the internal coagulum adheres to it. See 
Ghap. I. Sect. II. Exp. XL 

aaaa. The cellular membrane, surrounding the 
artery, very much distended with coagulated blood. 

bbbb. The outer lamina of the cellular membrane 
which surrounds the artery. 

€. A portion of the carotid artery cut open. 

tf c/.*The external coagulum of blood. 
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e. The upper portion of the external coaguium, 
much whiter than tlie rest, and having the appear- 
ance of lymph. 

Jl The extremity of the artery adhoring to the ex- 
t$9^ QQAgulum. 

g, Tbe ii^benuJ coaguium of blood, adhering only 
,^ \Xs^ bdjse^ occupying but a small portion of the 
<<9yjly of the artery, having a conical figure, and ter- 
mlniij^g opposite to the first collateral bruioh. 

4 The first collateral branch. 

i Tl)e Pjurvagum. 

f4g, 2. 9^jprf£^nts a portipn of the carotid artery of 
' a ^§e,si;^y-$;x hwr3, after it h«d beea divided^ The 
i^il^;: ^min^^of, celtolaf mi^raae thati surrounds the 
^% or, its. 4l?Ath, isi sfspai^ted from the rest of the 
cellular membrane, and firpRi the artery. It is nuick 
thickened by the distension of its cells with coagulated 
^ffo^^ Off; <¥M? sidlft i]li.hps;b^eft separated firom the 
artj^tq ^w^t^i? retr^tipQ, of the latter withia i^ 
and the external coaguium occupying the canal 
%!Fft?fJi*fK ^^i^'^^^on, and united to the tn^cated 
extremity of the artery: on ,the other side, not being 
separated, it conceals the extremity of the artery, and 
the ext^i^^al) Qps^iun, ^Qd.isJntimatelytunited^to 
them. See Chap. I. Sect. II. Exp. XVII. 

aaaa. The cellular membrane surrounding the 
^artery turgid with coagulated blood. 



b b. The sheath of the artery. 

<?. The sheath separated from the extremity of the 
artery and the external Goaguluih. 

* The aftieath ilnited to the external co%(ilirii5f, and 
concealing the end of the artery. 

e. The upper line points to the extremity cf the 
artery, to the external coaguhitti in union With it, and 
fust entering its cavity. I'he lower linfe riiarks t^ferfe 
the ejctemal coagulum is lost in the suhrbtihidlb^ lidkk^ 
of coagulated blood. 

Jl A portion df the carotid artery cut op^Hj except 
at its lower extremity. It is very protiaWij, that it 
contained a coagulum of blood, which extended tb the 
first collateral branch; for a cylindrical and perfectly 
smooth coagulum, filling up the canal of die artery, 
but not adhering to its internal coat was found within 
the artery, separated to the distance of two inches 
above the external coagiilum. It exactly corresponded 
in length to the space between the external* coagutuiii, 
and the first collateral branch, and it seemed to have 
slipped from that, its original situation. 

g. The first collateral branch. 
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PLATE III. 

Fig. 1. Represents the left side of the neck of a.dog 
seventy-two hours after Experiment X VIIL related in 
Chap. L Sect. IL had been performed on it 

It shows an additional and very important circum- 
stauce; viz. the considerable quantity of coagulating 
lymph which is poured over the vessels, soon after 
they have been exposed, and by which a new covering 
' is afforded them. The lymph has been separated from 
the surface of the artery to show it distinctly; but 
lias been left entire over the jugular vein, and 
neighbouring parts. 

a a a. Coagulated lymph, in which the vessels are 
enveloped. 

bbb. Three large abscess-like cavities, which are 
lined with lymph, and contained large coagula of blood. 

c c. The jugular vein covered to a. considerable ex- 
tent with coagulated lymph. 

d. The space between the portions of the carotid 
artery covered with a layer of coagulated lymph, which 
extended over the sheath of the artery containing the 
external coagulum, and a little way over the extremity 
of the artery. 
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€. The portion of the layer of lymph, which ex- 
tended over the sheath and extremity of the artery, 
turned back to show those parts more distinctly. 

f. The lines drawn from f embrace the external 
coagulum, which is lodged in the sheath, and confined 
on each side by it. A small portion of the upper part 
of the coagulum has been removed to show the cut ex- 
tremity of the artery. 

ffi The cut extremity of the artery. The space be- 
tween the line ^ and the lowest line ofy*is the distance 
to which it has retracted within its sheath. 

g. A portion of injection seen within the carotid 
artery, which has been cut open at its extremity. A 
small portion of the injection, which extended down to 
the extremity of the artery, has been picked away, 
that the termination of the artery maybe distinctly seen. 

The inferior part of fig. 1. represents the state of an 
artery seventy-two hours after the application of a 
ligatiu'e. See Chap. IV. Sect. I. Exp. IV. 

h. The extremity of the carptid artery upon which 
a ligature has been applied. 

i. A coagulum of blood filling up the canal of the 
artery, for the space of a quarter of an inch below the 
ligature, and then tapering for s6me distance. The 
convoluted appearance of the tapering extremity of 
this coagulum is owing to its having been compressed 
by injection thrown into the artery. 
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Aft^ a, miniite exapiination, I found that the coagu- 
lum adhered only to the cicatrized part of the artery. 

Fig. II. represents a section of one of the carotid ar- 
toies of ant^s, six days after it had been exposed by a 
Tery free incision, showing the artery completely 
coated with lymph. 

a. The carotid artery. 

6. A coat of lymph over the artery as thick as the 
artery itself.^ 

e. Part of the cavity of the wound by which the ar- 
tery had been exposed. 

d. The Parvagum, 

e e. The cellular membrane siirrounding the carotid ? 
and parvagum filled with coagulated lymph. 
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PLATE IV. 




Fig. 2. 
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PLATE IV. 

Fig. 1. Gives an extenial view of the state of the 
parts over the wounded carotid artery of a horse. See 
Chap. II. Sect. L Exp. I, 

a a. The sheath of the artery filled with blood above 
and belpw the wounded part. 

b. A circular portion of the sheath of the artery, 
endosing the wounded part, and more prominent in 
consequence of being more distended with blood. In 
the preparation the sheath can be seen, lying over the 
coagulated blood. 

c c. Coagulated lymph, not from inflamed vessels, 
but separated from the blood which had been effused. 

d. A collateral branch going off a little above the 
part at which the artery had been wounded. 

Fig. 2. Is an internal view of the same wounded 
artery. 

a a. The carotid artery cut <^n. 

bbbb. The sheath of the artery filled with blood, 
and completely circumscribing it, which was probably 
owing to the wound in the artery having been longitu- 

2 G 
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dinal, and very small, and, therefore, the hemorrhage 
by no means impetuous. 

r. An internal view tot the W«md in the artery. It 
is a mere line, and its edges are in contact. 

The two bhck drts on the artery represent the ori- 
fices of two collateral branches. 

ilg. 3. Represents the state of the parts over a 
wound in the carotid artery of a dog eighteen diys 
after it had been inflicted. See the same Chapter, 
Exp. VIII. 

n a. The parvagom tnwed Out of its course by a 
tumour. 

♦ 

b. A circumscribed tumour, formed by a portion 
of eoaguhted blood, placed immediately ovct die 
wbuttded part of the arteiy, and confined by a cyst 
which adhered to the artery, and to the surrounding 
parts, 

c c. A portion of the carotid artery. 

Fig. 4. Is an internal view^ of the same wounded 
artery. 

a a. The artery cut open. 

^fi. iThe wound which had been made transversely, 
is t)f a circular form, and h covered by a part of the 
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coi^lated blood represented in fig. 3. b. There is 
a considerable thickening of the cellular membrane 
by the sides of the ^r^ery^ opposite to the wounded 
part. 

Of the numerous experiments th^t \ made^ this is 
the only one which presented an appearance of spu- 
rious aneurism. 
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PLATE V. 

Fig. 1. Affords an external and lateral view of the 
state of the parts over and about a wound in the 
carotid artery of a horse, twenty-four hours after it 
had been inflicted. See Chap. IL Sect. I. Exp. II. 

a a. Coagulated lymph forming the surface of the 
wound. 

b^ The center of the wound having a black ap- 
pearance. 

c c. The cellular membrane surrounding the artery 
and its sheath filled with blood. * 

dd. Coagulated lymph, originating from the dde 
of the artery around the wound, extending up to its 
surface, and into the surrounding cellular membrane. 

€. A collateral branch, given off a little above the 
wound in the artery. 

ff. The wounded artery. 

Fig. 2. Is an internal view of the same artery. 

a. The artery cut open. 

h b. The surrounding parts filled with coagulated 
blood. 
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,r» A thick stratum of coagulated Ij^mph 1^ the 
side of the arteiy, opposite to the wound* A similar 
effusidi^ of lymph may bcf seeti on the other sick of the 
artery. 

rf. The wound in the artery completely filled up 
with lymph, but not so as to interfere in the least with 
the passage of the blood through the artery. 

e. The mouth of a collatearal branch* 

Fig. 3. represents a portion of the carotid artery 
of a dog) nine days after it had been wounded longji* 
tudinally. The artery^ is cut open at its posterk>r 
part, and a portion of the injection, which had been 
thrown into it, picl^ed away to give a clear view oi 
the wounded part. See the same Chapter, Exp. VI. 

a. The portion erf the artery cut open, and cleared 
from the injection at its wounded part. 



b b. The portions of the injection left. 

c. A collateral branch, opposite to the wound in the 
artery. 

d The wound in the artery perfectly reunited, with- 
out obstructing the passage of the blood. 

e. A very thin lamina of coagulated lymph adhering 
to the internal siuface of the artery, opposite to the 
wound. 



Fig. 4. Pmseiits an internal ^w of a portion of the 
femoral artery c^ a dog, eleven dajs after a con»^- 
rable transverse wound had been in&icted on it. See 
the same Chapter, Exp. VIL 

a. The artery cut open, and the mou^ of several 
collateral branches ^een. 

6. The part at which the artery had been wounded. 
At this part a thick stratum of lymph lines the internal 
surface of the artery, and from the center of which a 
long tapering coagulum hanigs in die inferior portion 
of the arterjr; and immediatdy c4>porile to (iiis, a 
small coagulum projects into the upper part ct the 
canal of the artery. The cellular membntfie opposi^ 
to the wound is thickened- 



PLATE VI. 
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PLATE Vi-i 

U 9i repre^Matioh of tiiie ^urfiiice of tiie^ etKteniai 
iivHiniiid, m the dase of the wounded hitttoehA artferi^ 
dilinettted in plitt Vll. Thh surface is fW-iried by ^ 
thick layer of coagulated lymph, of a granulated ^p^ 
pearance, and which completely covers the artery, 
and excludes it from die external wound. A similar 
surface is formed in every instance of a woundedr^ 
artery, or of an iartery which has been tied and ^h<i< 
ligatures immediately removed. It is even formed 
when a ligature is allowed to remain 6n ah aittery, but 
afterwards a slight ulceration takes place through it, 
opposite to the ligature. See Chap. 11. Sect. L 
Exp. IV. 
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PLATE VII. 

I9 an intend view of a portion of the humeral 
«tery:Of a hfiirxi five days s^er it had received a coa- 
siderable ol^lique wound. See Chap. II. Sect. I. 
Exp. IV. 

a a. The cellular membrane, fcH* a considerable 
space by the side of the arteiy, opposite to the 
wounded part, filled with coagulated lymph. 

b b. The ?«1;?iy ^ut opqn. ; . ^ j , ^ 

c. A septum of lymph J>ehind which a probe could 
readily be passed. 

dd. A very thick portion of lymph inseparably at- 
tached to the internal surface of the artery. This was 
the part at which the artery had been wounded, but 
the extent and figure of the wound are" quite effaced 
by the effusion of lymph. We may be satisfied, how- 
ever, that the wound was considerable, as well from 
the very great hemorrhage that followed, as from the 
abundant effusion of lymph, which has taken place. 

e. A thick and nearly oval portion of lymph ad- 
hering to the internal surface of the artery, and con- 
joected with the lymph dd 



PLA.TE VIII. 



Fig, U 



Fig. 2. 
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PLATE VIIL 

Fig. :]U Reprc$ents the surface of a wound over the 
earotid artery of. a dog, eight days after the artery 
had beeiti pqnctured* See Chap. II. Sect. L Exp. V. 

aaaa. A layer of coagulated lymph, covering the 
arteryi and excluding it from the external wound* 

b. That part of the layer of lymph which lies im- 
mediately over the wound in the at'tpry. It. in ^rk 
§nly at the mrface^ in consequence of soipe i^r- 
mixture of blood ^ 

Fig. 2. Gives a posterior view of the same artery. 

aa.\ The artery near the wounded part very much 
strengthened by a considerable effusion of lymph. 
Injection was thrown into this artery, and. passed 
readily and uniformly though every part of it, with- 
out escaping at the part which had been wounded. 

hbbb. A tumour Qver the wounded part of the 
artery, formed ^entirely by coagulating lymph, effused 
in the cellular membrane. It firmly adheres to the 
artery. 

2 H 
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PLATE IX- 

Rqiresents the state <tf the femdt^ orte^ ^f a dog, 
twenty-two days dfler it had been wounded to ^ ex- 
tent of half its ckciHnference. See Chap. II. Sect« I. 
Exp. XL 

a. The superior portion of the IbibcNral artety^ut 
open at its extremity. 

^ A coagulom of an irregutstt* fbtth^ fyic^ a little 
wiMn, and projecting from tht exttefiditf ^f ^e »^ 
tery. It appears turned a little to ^>ne side^. M feei^ 
its formation and position must have been interrupted 
and deranged by the repeated hemoithage&. 

r. A stnall space between^ the side ^ the ^tinmity 
6f #ie artery I and the coagokun^ ftom whetiee ^ 
frequent hemonrhagea proceeded* 

d. The infei4or portion of the BtmtdiMrycvtt ^p». 

e. The extremity of this inferior p^ftion of dve ar- 
tery clos^ contacted around a small cde^him of 
If mph, w^eh adheres firmljr to its internal ^tr&ce. 

f. A cylindrical coagulum of blood, attached to the 
coagulum of lymph which closes the extremity of the 
artery, and projecting within the canal of the arteiy, 
but not adhering to it. 
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PLATE X. 



Fig. 1. Presents a view of the external wound over 
the femoral artery of a dog, twenty-five days after half 
die circumference of that artery had been cut through. 
See Chap- II. Sect. I. Exp. XII. 

a. The sur&ce of the bottom of the wound covered 
with lymph. 

b. The surface formed by cutting away the integu* 
ments which hung over the wound, sq as to prevent 
it from beihg distinctly seen. Previous to the removal 
^Tthie integiimenfe, the cavity of the wound was con- 
siderable. 

'' r. A portion of tymph, jwrojecting frohi the sur- 
&ce of the wound, c^posite to the aperture which led 
to the artery. 

d d. K boiler of lymph, enclosing and hanging 
over the apoture frcmi which the hemorrhages pro- 
ceeded. 

t. The aperture partially represented. In the pre- 
paration it cannot be seen unless the border which sur- 
rounds it is raised up. It will admit a small probe to 
pass through it. 

Fig. 2. Is a representation of the artery which be- 
longs to fig. 1. cut open at its posterior part. 
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a a. The superior and inferior portions of the artery 
cut open posteriorly. 

b. The extremity of the inferior portion, completely 
closed, and of a conical* forpi. 

c. A substance^ connecting the. two. extremities of 
the artery, formed, no doubt, t)y an effusion of lymph 
into the cells of the sheath which was continued be- 
tween them. 

d. The extremity of the superior portion of the 
artery. 

e. A cbagulum of lymph, adhaing to the si^e^ 
and posterior part of the. artery where it w^ cut ppa;i, 
but not united to the anterior part of the arte^. . , 

f. The aperture through which the artpery bkd. It 
is situated . over the coagulum e, between it aqd the 
anterior part of the artery, 

i 

g* A considerable longitudinal plica, extendit^ a 
little beyond the first lateral branch. This was the 
only instance, in the whole course of my experiments, 
in which I had an opportunity of observing such a lon- 
gitudinal fold in an artery after it ha4 been injured. 
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Illustrates the operation of the ligature by the re- 
presentation of an experiment perfof med on tl^e carotid 
artery of a horse; shoi^ing that the oblitenitiQn ^of; the 
canal of the artery is produced by lymph, eflFused from 
its middle and internal coats where they have be^n 
divided by the ligature. . 

J In this case four ligatures were applied close to 
each other on the artery, sp as to cut through v its 
middle and internal coats, after which they were im- 
mediately removed. See qhap. IIL Exp» IJ. . ,: 

• 

a a. A portion of the carotid artery cut open through 
its whole length. 

bb. A considerable effusion of lymph on each side 
of the artery, opposite to the part on which the liga- 
tures had been applied. 

c c. That part of the artery over which four liga- 
tures had been applied, is included between the lines 
X drawn to c c. 

d. Coagulated lymph, adhering to the internal sur- 
face of the artery, so as to form but one substance 
with it, completely filling up its canal, and even pro- 
jecting a little beyond the points of adhesion, and in^ 
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termixing, above and below, with a coagulum of 
blood. 

Some transverse lines arc seen on the lymph, mark- 
ing where the ligatures had been applied. 

e e. Two coagula of blood adhering to the lymph 
which obstructs the artery, but not to any part of the 
internal surface of the artery, the canal of which they 
completely fill. In viewing this plate we may, at 
first, be led to suppose, that the coagula of Uood by 
no means fill the canal of the artery; but the decep- 
tion is occasioned by the considerable separation of the 
edges of the artery from each other, in order to give 
a feir view of the parts within. In tlie lower portion 
the coagulum has extended even beyond a collateral 
branch. 
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' RepitSfeHta tKfe dfect df att ejs^erimttit bri tfit liatfbtid 
arteiy of ^ horte,^rftjiitttcI, iti all It* ditjtimstthcts, 
!ifce lie fait, %<to the fe^eirtiewi, ihsit diiti figat^rfr, ifr- 
Se«d tbf Ibtir, %asp Applied. Tht tficet is aftcrtlrtt t6 be 
similar, but the obliteratiort is ndt So iit^^efe. Sbe 
Chap. III. Exp. III. 

a a. The cellular mettlbt^ihe atou^id Oi^ ^^fthe 
artery on which the ligature had been applied, filled 
#»hlytiqfA. ^ ' 

^0. A jpc^t^ tifihe e^rtftid iv^tef^cut e^eni ft 
contained a very small ftlidMerlde^ e^&gidilM^f^bfddnl, 
only in that part of the artery above the septum. 

^i A ^in li^^ift ef ^^mj^^ isltani^j^ ^r^s$ Hit 

GOttiptetd)^, dbstti^iltted ^ cit^tikftibn t^dtij^hit. 

c/> Ttie £ipertut^ ih the septNim: throt^h . wfaiofa Ac 
circulation was carried on; but it is Imlecrepr^eitted 
larger than it is in the preparation. The parietes of 
the atrtety,^ opposite to the s^ttrm, appear iftciented, 
as if tJtef ha* bt61A ailfectfed wi* litrietttre. 
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PLATE XIII. 

Repr^sent^ the effect of an experiment^ perf(»*med 
on the carotid artery of a horse, in the same manner 
as those delineated in plates XI. and XII. except that 
two ligatures. were appHed. The obstruction is qom- 
plete. See chap. IIL £xp. V. 

a a. Thick strata of lymph by the side of the artery, 
a^d which completely covered i]L r !; . j .\ . 

bb. A portion of the carotid artery cut opien, above 
and below the obstructed part. It contained in each 
partjA^ large coagulumc^ J>lood^ ivl^qh ha^ \>ccn re- 
B^v^d ; to show tb^ obstruction. i 

c. That part of the artery around which the liga- 
tures had beoi applie^r i^ seen entire.. Its; canal, 
throjifgh the whqte of this space, is completely filled 
up with lymph, which adheres firmly to its internal 
surface. Two dark lines, imperfectly surrounding the 
obstructed part of the iutery, mark where the ligatures 
had been ^plied. 

d. A portion of the lymph, which fills up the canal 
of the artery, projecting above the obstructed part. 

€. The impervious termination of the artery below 
the obstructed part, being precisely the same as if a 
ligature had been applied, and allowed to separate by 
ulceration. 
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PLATE XIV- 

Fig, 1. Is a side view of the carotid artery of a dog, 
twelve days after a single ligature had been applied on 
it. See Chap. IV. Sect. I. Exp. VIII. 

a a. The carotid artery cut open. 

b. A gland situated by the side of the carotid. 

c c. The surface of the wound, formed by a layer 
of coagulated lymph, perforated by the ligature. 

dd. The portion of the artery obliterated by the ap- 
plication of Jhe ligature. A few fibres, which had not 
ulcerated through, detained the ligature, which is seen 
in the bottom of the wound near the obliterated por- 
tion of the artery. 

ef. Two coagula of blood, next the obliterated 
part of the artery. The coagulum in the upper por- 
tion is much shorter than that in the lower, in conse- 
quence of the situation of the collateral branch g; but 
neither of them adhere to the internal surface of the 
artery. It may here be distinctly seen, that, in conse- 
quence of the contraction of the artery going on next 
the obliterated part, the conical form of the coagulum 
becomes reversed; for, at first, that part of the coagu- 
lum which lies nearest to the obliterated portion of 
the artery, is the base of the cone, but it becomes so 

21 



234 

much compressed by the gradual contraction of the 
artery, as to be converted into the apex. 

Fig. 2. Is a magnified view of a portion of the 
carotid artery of a dog, showing the cicatrization of 
its wounded surfaces, which were brought into contact 
by the ligature. 

a. The artery cut open. The part which had been 
brought together by the ligature is completely united, 
but, as yet, has contracted very little. It contained a 
long conical coagulum, which has been removed, that 
the internal view of the united portion may be more 
complete. The sides of the artery, when smoothly 
and properly approximated, are united by lymph at a 
mere point. 

b. The cellular membrane, a little beyond the 
united portipn of the artery, considerably thickened 
with lymph. 
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PLATE XV. 

Is an anterior view of the carotid arteries, and some 
other parts of the neck of a dog; and is intended to 
represent the very extensive obliteration which the left 
carotid had undergone, forty-nine days after two liga- 
tures had been applied, and the intermediate portion 
of the artery divided. See Ch. IV. Sect. I. Exp. XIII. 

a. The oesophagus. 

b. The lower part of the larynx, and beginning of 
the trachea; the rest having been removed to show the 
parts beneatli. 

c c. Two glands, one on each side of the oeso- 
phagus. 

</. The left carotid very much diminished in 
size. 

« 

€. That portion of the carotid, which appeared 
like a small idark cord, cut open. Its internal surface 
is very black, appearing to have a lamina of blood 
attached to it; but no distinct coagulum could be 
found in it: it would seem, that the coagulum had 
been absorbed, whilst the artery was suffering oblitera- 
tion very rapidly. 
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f. The portion of artery, included between the two 
lines, has a dense, firm, and white appearance^ — in 
abort, it resembles a little tendon. The narrow part, 
just above the upper line, is that, which has been dis- 
severed by the ligature, and appears to be lyifiph 
effused into the sheath of the artery^ by means of 
which the two obliterated portions of artery are 
reunited. The superior portion is undergoii^ oblite- 
ration very rapidly, and it is extremely diflicult to 
say exactly where it terminates. 

g. The obliterated part of the superior portion of 
the carotid. 

A. The point to which the complete bbliteratiop 
extends. Above the line drawn to A, the artery ter- 
minates in a cone, and the obliteration would, without 
doubt, have continued up to the first lateral branchi if 
longer time had been allowed. 

t. A branch, given off at the posterior part of the 
curvature of the aorta, between the two carotids^ 
passes up, for some distance, on the right side of the 
oesophagus, then tiirns obliquely to the left side of it, 
and anastomoses freely with the first collateral branch 
of the upper portion of the carotid, and thereby re- 
medies, in a certain degree, the loss of the obliterated 
carotid. 

jj. Collateral branches, one from each* carotid, 
anastomosing over the thyroid cartilage. 
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kk. Collateral branches, one from each carotid, 
anastomosing behind the trachea, between it and the 
oesophagus. 

The right carotid is much enlarged. 



THE END. 
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